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ABSTRACT 


In  this  report  the  available  information  on  the  shielding  of  manned 
space  vehicles  against  protons  and  alpha  particles  is  sunmarized.  The  em- 
phasis in  the  report  is  on  shielding  against  Van  Allen  belt  protons  and 
against  solar-flare  protons  and  alpha  particles,  but  infoimation  on  shield- 
ing against  galactic  cosmic  rays  is  also  presented. 

The  report  is  primarily  intended  as  a handbook  for  nonexperts  in  space 
shielding.  For  the  most  part,  the  approximation  methods  discussed  are  those 
that  are  standard  in  the  space- shielding  literature.  However,  a large  amount 
of  numerical  data,  not  previously  published,  on  the  validity  of  the  various 
approximation  methods  is  presented,  and  these  data  may  be  of  interest  to 
those  who  are  familiar  with  space  shielding. 
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Chapter  1 


INTRODUCTION 


In  the  past  several  years  the  National  Aeronautics  and  Space  Admini- 
stration has  sponsored  considerable  research  on  the  transport  methods  and 
physical  data  needed  to  design  the  shielding  required  to  protect  astronauts 
against  radiation  in  space.  In  this  report  an  attempt  is  made  to  summarize 

the  available  information  on  the  shielding  of  manned  space  vehicles  against 
protons  and  alpha  particles. *T 


The  discussion  and  results  presented  are  primarily  intended  for  non- 
experts, and  no  extensive  background  in  space-radiation  or  charged-particle- 
transport  theory  is  presupposed.  The  emphasis  throughout  the  report  is  on 
the  magnitude  of  the  physical  effects  that  enter  into  shield-design  calcu- 
lations and  on  approximate  calculational  methods  that,  for  most  space- 
shielding  purposes,  adequately  account  for  these  physical  effects.  The 
geometric  model  used  throughout  the  report  is  that  of  a spherical  shell 
shield  with  a tissue  sphere  at  its  center.  This  configuration  resembles 
only  very  approximately  a real  spacecraft  with  men  inside,  but  it  does  serve 
to  illustrate  many  of  the  significant  features  of  spacecraft  shield  design. 
The  report  is  primarily  concerned  with  the  shielding  of  man,  but  much  of  it 
will  be  of  interest  to  those  concerned  with  the  shielding  of  equipment. 


°f-th!  aYailable  ^formation  on  the  shielding  of  manned  space 
hides  against  electrons  is  being  prepared  by  D.  C.  Shreve  and  J.  A. 
Lonergan  of  Science  Applications,  Inc. 


"^Shielding  against  heavier  nuclei  is  not  considered  in  the  body  of  the 

v 4-  L..i. _ • . . - J 
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report,  but  some  approximate  information  on  shielding  against  the  heavy 
nuclei  m galactic  cosmic  rays  is  given  in  Appendix  4. 
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A large  amount  of  numerical  data  is  presented  to  aid  mission  planners 
who  must  decide  with  little  effort  whether  a radiation  hazard  is  likely  to 
exist  on  a particular  mission.  If  a radiation  hazard  is  thought  to  exist, 
then  the  discussion  of  the  shielding  methods  and  computer  codes  given  in 
the  report  should  serve  as  a starting  point  for  obtaining  more  adequate  in- 
formation. 

Essentially  all  of  the  numerical  results  given  in  this  report  were  ob- 
tained with  computer  codes  that  are  available  from  the  Radiation  Shielding 
Information  Center  of  the  Oak  Ridge  National  Laboratory.  A bibliography1 
of  space-shielding  literature  containing  many  references  not  cited  in  this 
report  is  also  available  from  the  Radiation  Shielding  Information  Center. 

In  Chapter  2 a description  of  the  radiation  sources  in  space  is  given 
and  examples  of  the  proton  and  alpha-particle  spectra  that  might  be  inci- 
dent on  a spacecraft  are  presented.  The  transport  equations  that  are  appli- 
cable in  space  shielding  and  the  methods  of  dose  calculation  are  discussed 
in  Chapter  3.  Also  in  Chapter  3,  several  approximation  methods  useful  in 
space-shielding  calculations  are  introduced.  In  Chapter  4 the  physical 
data  needed  to  carry  out  shielding  calculations  for  incident  protons  and 
alpha  particles  are  discussed,  and  the  data  used  in  obtaining  the  numerical 
results  presented  in  the  report  are  given.  In  Chapter  5 radiation  protection 
guidelines  are  very  briefly  discussed.  Chapter  6 contains  a variety  of 
numerical  results  related  to  the  shielding  of  spacecraft  against  Van  Allen 
belt  protons  and  against  solar— flare  protons  and  alpha  particles.  It  is 
in  Chapter  6 that  the  validity  of  various  approximate  shielding  methods, 

1.  M.  P.  Guthrie  and  R„  G.  Alsmiller , Jr.,  "Bibliography , Subject  Index, 
and  Author  Index  of  the  Literature  Examined  by  the  Radiation  Shielding 
Information  Center  - Space  and  Accelerator  Shielding,"  Oak  Ridge  Na- 
tional Laboratory  Report  ORNL-RSIC-11  (Rev.  2),  1970. 


3 

e.g.,  neglecting  particles  produced  by  nuclear  reactions,  is  considered. 
Computed  results  obtained  with  two  complex  geometry  codes,  i.e.,  codes  that 
may  be  used  to  carry  out  shielding  calculations  for  spacecraft  of  arbitrary 
geometric  complexity,  are  also  presented  in  Chapter  6.  In  Chapter  7 the 
shielding  of  spacecraft  against  galactic  cosmic-ray  protons  is  considered. 

In  Appendix  1 the  solution  to  the  primary-proton  transport  equation  is  de- 
rived. This  solution  is  used  throughout  the  report  and  is  the  basis  for 
much  of  the  work  described.  In  Appendix  2 tables  of  absorbed  dose  and  dose 
equivalent  are  presented  for  a variety  of  incident-particle  spectra,  shield 
thicknesses,  and  shield  materials.  In  Appendix  3 the  details  of  obtaining 
the  calculated  results  presented  in  Chapters  6 and  7,  which  include  the 
production  and  transport  of  particles  from  nuclear  reactions,  are  presented. 
Appendix  3 also  contains  data,  not  given  in  Chapters  6 and  7,  on  the  con- 
tribution of  the  particles  produced  by  nuclear  reactions  to  space-shielding 
calculations.  In  Appendix  4 very  approximate  information  on  shielding 
against  galactic  cosmic-ray  alpha  particles  and  heavier  nuclei  is  given* 
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Chapter  2 

RADIATION  SOURCES  IN  SPACE 

In  general,  there  are  three  natural  sources  of  radiation  that  influence 
spacecraft  shield  design:  radiation  trapped  in  the  earth1 s magnetic  field 

(Van  Allen  belts),  solar  cosmic  rays,  and  galactic  cosmic  rays.  Depending 
on  the  mission,  each  of  these  radiation  sources  can  contribute  appreciably 
to  the  radiation  hazard  associated  with  space  travel.  The  characteristics 
of  each  of  these  sources,  which  are  of  importance  in  space-vehicle  shield- 
in8>  are  discussed  briefly  in  the  sections  to  follow.  More  detailed  dis- 
cussions will  be  found  in  the  books  by  Haffner,2  H*ss,3»4  LeGalley  and 
Rosen,5  MeCormac,6  and  Giasstone,7  and  in  the  Encyclopedia  of  Physics.8 


2.  J.  W.  Haffner,  Radiation  and  Shielding  in  Space,  Academic  Press,  New 

York  and  London,  1967.  ~ 

3.  W.  N.  Hess,  The  Radiation  Belt  and  Magnetosphere.  Blaisdell  Publishing 
Co.,  Waltham,  Mass.,  Toronto,  London,  1968. 

4.  W.  N.  Hess,  Ed.,  Introduction  to  Space  Science.  Gordon  and  Breach 
Science  Publishers,  New  York,  London,  Paris,  1965. 

5.  D.  P.  LeGalley  and  A.  Rosen,  Eds.,  Space  Physics.  John  Wiley  & Sons, 
Inc.6  New  York,  London,  Sydney,  1964. 

6.  B.  M.  MeCormac,  Ed.,  Radiation  Trapped  in  the  Earth’s  Magnetic  Field. 
D.  Reidel  Publishing  Co.,  Dordrecht,  Holland,  and  Gordon  and  Breach 
Science  Publishers,  New  York,  1966. 

7.  S.  Giasstone,  Sourcebook  on  the  Space  Sciences.  D.  Van  Nostrand  Co., 
Inc.,  Princeton,  N.  J.,  Toronto,  Ont.,  New  York,  London,  1965. 


8. 


S.  Flugge,  Ed.,  Encyclopedia  of  Physics;  Vol.  46/1  and  46/2,  Cosmic 

Rays,  Springer-Verlag,  1961. 
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to  energies  of  the  order  of  several  MeV.  Since  this  report  is  concerned 

with  shielding  against  high-energy  protons,  the  inner  zone  is  of  primary 
interest  here.. 


The  proton  flux  per  unit  energy  at  a given  location  in  the  Van  Allen 
proton  belt,  the  inner  zone,  is  approximately  constant  in  time.  Some  vari- 
ations with  time  do  occur,  but  for  most  shielding  purposes  these  variations 
are  not  significant*.  A 


proton  flux  per  unit  energy  in  the  Van  Allen  proton  belt  is  a 
strongly  varying  function  of  altitude  above  the  earth's  surface  and  of  posi- 
tion around  the  earth.  Very  approximately,  the  proton  belt  extends  from  an 
altitude  above  the  earth's  surface  of  a few  hundred  nautical  miles  to  sev- 
eral thousand  nautical  wiles.  An  important  exception  to  the  lower  altitudes 
occurs  in  the  vicinity  of  35°  south  latitude  and  325°  east  longitude  where 
the  proton  flux  it  appreciable  at  altitudes  as  low  as  ISO  nautical  miles, 
this  "dip"  is  referred  to  as  the  South  Atlantic  anomaly  and  is  very  im- 
portant in  wission  planning  since  most  of  the  radiation  hazard  to  occupants 
of  space  vehicles  in  low  orbits  comes  from  passing  through  the  region  of 
the  .anomaly.  * space  vehicle  in  an  orbit  that  follows  the  equator  (0°  in- 
clination) would  miss  the  anomaly  completely,  and  the  radiation  hazard  is 
insignificant  for  this  inclination  at  altitudes  of  less  than  approximately 
2SG  nautical  wiles,  the  waxiwuw  hazard  for  low  orbits  occurs  at  an  approx- 
imately 30  inclination  to  the  equatorial  plane  since  spacecraft  in  such 
orbits  pass  through  the  anomaly  sore  often.  Proton  isoflux  contours  at  an 
altitude  of  240  nautical  silts  and  in  the  vicinity  of  the  anomaly  are  shown 
*•  t,1*M  the  Pfoson  flux  as  a function  of  time  is  shown  in  Fig.  2.2 


***  saaea  Radifr^J*^*^*  £•**  “»**»»  "*»  *M*y*l*  of  Energetic 
ioace  Radian™  a»A  Dose  Rate*,'"  NASA  T8  0-4404,  1968, 


OMNIDIRECTIONAL 


£ (lfiKfcVasij*StejHi  • . '■u%  ' a»«ft»it^Tpi^^L«;., 


10 

for  a space  vehicle  in  a circular  orbit  at  an  altitude  of  240  nautical 
miles  and  at  a 30°  inclination  to  the  equatorial  plane. 1 5 Each  ’’spike"  in 
Fig.  2.2  corresponds  to  a passage  through  the  anomaly. 

It  should  be  clear  from  this  discussion  that  the  radiation  hazard  to 
the  occupants  of  an  orbiting  vehicle  is  very  dependent  on  the  orbit.  The 
manner  in  which  the  proton  flux  per  unit  energy  that  is  incident  on  a space- 
craft traveling  in  a specific  orbit  may  be  obtained  is  described  in  the 
next  several  sections  of  this  report. 

2,1,2  The  B.L  Coordinate  System 

Considerable  difficulties  were  encountered  in  early  attempts  to  under- 
stand  the  measured  intensities  of  particles  at  various  positions  in  the  Van 
Allen  belts,  Mcllwain16  was  able  .to  show  that  measurements  made  at  dif- 
ferent geographic  locations  could  be  systematized  by  introducing  a set  of 
coordinates  that  take  into  account  the  nondipole  nature  of  the  earth's  mag- 
netic field  and  the  properties  of  the  motion  of  charged  particles  in  slowly 
varying  magnetic  fields,17  The  coordinates  used  by  Mcllwain  are  the  magnetic 
field  intensity,  B,  and  the  magnetic  shell  parameter,  L.  In  the  earth's 
magnetic  field,  the  magnetic  shell  parameter  defined  in  Ref.  16  is  only  ap- 
proximately constant  along  magnetic  lines  of  force  and  has  no  simple  geo- 
metric interpretation.  If,  however,  the  earth's  magnetic  field  were  a di- 
pole field,  then  the  magnetic  shell  parameter  would  be  constant  along  mag- 
netic lines  of  force  and  would  be  equal  in  magnitude  to  the  radial  distance 

16.  C.  E.  Mcllwain,  '^Coordinates  for  Mapping  the  Distribution  of  Mag- 
netically Trapped  Particles,"  J.  Geophys . Res,  66,  3681  (1961). 

17.  T,  G.  Northrop  and  E.  Teller,  "Stability  of  the  Adiabatic  Motion  of 
Charged  Particles  in  the  Earth's  Field,"  Phys.  Rev.  117,  215  (1960). 
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In  the  equatorial  plane  from  the  center  of  the  earth  to  a magnetic  field 
line.  The  geometry  of  the  B,L  coordinates  is  shown  schematically  in 


ig.  2.3, 


The  use  of  the  B,L  coordinates  in  representing  particle  intensities  in 
the  Van  Allen  belts  has  become  standard,  and  this  is  the  coordinate  system 
that  has  been  used  by  Vette  et  a£.9^14  in  preparing  the  models  of  the  Van 
Allen  proton  belt  considered  in  the  next  section. 


2.1.3  Models  of  the  Van  Allen  Proton  Belt 


The  task  of  correlating  and  systematizing  the  large  amount  of  experi- 


mental data  on  particle  fluxes  in  the  Van  Allen  belts  has  been  carried  out 
by  Vette  and  his  coworkers. 9-14  The* general  procedure  in  the  case  of  the 


proton  belt  was  to  convert  all  data  to  omnidirectional  integral  flux  as  a 
function  of  B and  L (see  Section  2.1.2)  and  then  to  fit  this  flux  at  a 


particular  value  of  B and  L with  an  equation  of  the  form 


J(>  E,B,L)  = J(>  EltB,L)  exp 


E-E, 


Eo(B,L) 


(2.1) 


or 


J(>  E,B,L)  = J(>  Ej ,B,L) 


?(B,L) 


(2.2) 


where 


J(>  E,B,L)  * the  omnidirectional  flux  of  protons  with  energy  > E 
at  a particular  point  in  B,L  space, 


« a constant  energy  that  is  independent  of  B and  L, 


Eo,P  * the  fit  parameters  that  are  functions  of  B and  L. 


% 
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Fig.  2.3.  The  B,L  coordinate 


system 
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In  order  to  fit  the  experimental  data  to  the  desired  accuracy  in  the  form 
given  by  Eqs.  2.1  or  2.2,  it  was  necessary  to  use  different  parameters  in 
different  energy  ranges.  Thus,  initially  five  proton  models,  APS,  AP4,  AP2, 
API,  and  AP3,  covering  the  energy  ranges  0.1  to  4 MeV,  4 to  15  MeV,  15  to 
30  MeV,  30  to  50  MeV,  and  > 50  MeV,  respectively,  were  produced.  Later, 

When  additional  data  became  available,  two  additional  models  were  produced: 
AP6.I3  whlch  superseded  AP2  and  AP4  for  the  energy  range  4 to  30  MeV,  and 

AP7’14  WhiCh  SUPerseded  AP3  for  energies  > 50  MeV.  In  general,  it  has  been 
found  that  there  is  little  difference  in  the  goodness  of  fit  obtained  with 
exponential  and  power-law  functions,  and  Eq.  2.1  was  used  in  all  of  the 
models  except  AP6.13  These  models  represent  the  best  available  information 
on  the  proton  spectra  in  the  Van  Allen  belt,  but  because  of  the  lack  of  ex- 
perimental information  in  various  regions  of  B,L  and  at  energies  above  ap- 
proximately 200  MeV,  there  is  considerable  uncertainty  in  some  of  the  data 
provided  by  the  models.9"14 

The  omnidirectional  differential  energy  distribution  of  the  protons  at 
particular  B,L  values  may  be  obtained  by  differentiating  Eq.  2.1  or,  in  the 
case  of  the  AP6  model,  Eq.  2.2.  It  is  important  to  note  that  in  their  present 
form  the  models  do  not  give  any  information  about  the  angular  distribution 
Of  the  protons  at  a particular  point  in  B,L  space.  The  data  for  all  of  the 
models  are  available  on  punched  cards  from  the  National  Space  Science  Data 
Center  at  the  Goddard  Space  Flight  Center,  Greenbelt,  Maryland.  The  manner 
in  which  these  data  may  be  used  to  obtain  the  proton  flux  per  unit  energy 
that  is  incident  on  an  orbiting  spacecraft  is  discussed  in  the  next  section. 
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^•1.4  Orbital  Integration 

TO  carry  our  space-shielding  calculations,  it  is  necessary  to  know  the 
energy  and  angular  distributions  of  the  radiation  that  is  incident  on  the 
spacecraft.  In  orbiting  through  the  Van  Allen  belts,  a spacecraft  will 
pass  through  many  different  B.L  values  and  will  therefore  pass  through  many 
different  parts  of  the  radiation  environment.  To  determine  the  particle 
flux  that  is  incident  on  the  spacecraft,  it  is  necessary  to  determine  the 
B and  L coordinates  of  the  spacecraft  as  a function  of  time  and  carry  out 
an  integration  over  time  using  the  flux  models  described  in  the  previous 
section.  The  average  omnidirectional  flux  of  particles  with  energy  > E, 

J(>  E),  that  is  incident  on  the  spacecraft  may  be  written 


1 T 

J(>  E>  = 1 / J[>  E,B(t),L(t)]dt  , 


where 


J[>  E,B(t),L(t)J  = 


B(t) ,L(t)  = 


the  omnidirectional  flux  of  particles  with  energy 
> E at  a particular  value  of  B,L, 

the  coordinates  of  the  spacecraft  in  B,L  space 
at  time  t. 


T - a time  that  must  be  taken  sufficiently  large 
that  J(>  E)  is  independent  of  T. 

A computer  code,  TRECO.'S  ls  available  to  carry  Qut  numerically  ^ 

Integration  in  Eq.  2.3.  For  any  given  set  of  initial  conditions,  this 
code  determines  the  spacecraft  position  as  a function  of  time  by  solving 
the  equations  of  motion  of  a spacecraft  in  a gravitational  field  and  then 
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uses  the  radiation  models  of  Vette  et  at.  (see  previous  section)  to  de- 
termine J(>  E)  by  means  of  Eq.  2.3.  The  time  T required  to  obtain  a good 
average  is  dependent  on  the  particular  orbit  being  considered,  but  times  of 
the  order  of  one  to  two  days  are  often  sufficient.  The  omnidirectional  dif- 
ferential flux  is  obtained  with  the  code  TRECO  by  assuming  that  the  deriva- 
tive of  Eq.  2.3  with  respect  to  energy  may  be  approximated  by  a constant 
over  a small  energy  interval;  that  is,  the  omnidirectional  differential 
flmc  Is  computed  in  TRECO  by  the  equation 

dJ(>  E)  _ J(>  EB)  “ J(>  EaJ 

dE  E.  - E.  ~ • EA  * E S Eb  • (2 

o A 

where  the  energy-group  boundaries  must  be  specified  by  the  user. 

The  angular  distribution  of  the  particles  that  are  incident  on  the 

spacecraft  is  not  provided  by  TRECO.  Since  it  is  necessary  to  know  this 

angular  distribution  to  carry  out  shielding  calculations,  the  assumption  is 

usually  made  that  this  distribution  is  isotropic.  ‘ It  must  be  understood 

that  this  assumption  is  made  because  of  the  lack  of  adequate  data,  and  in 

some  cases  it  may  lead  to  poor  results. 

Opnidirsctionfll  Differential  Proton  Fluxes  Corresponding  to 
Circular  Orbits  in  the  Van  Allen  Belts 

In  this  section  omnidirectional  differential  proton  fluxes  obtained 
with  the  code  TRECO  (see  previous  section)  are  presented.  All  of  the  re- 
sults were  obtained  using  the  AP7  model  which  was  obtained  by  Lavine  and 
Vette14  using  experimental  data  taken  over  the  period  1961  to  1966  and 
which  is  recommended  for  proton  energies  > 50  MeV.  The  magnetic  field 
representation  used  was  the  120-term  spherical  harmonic  expansion  of  Cain 
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et  aZ*'9  AU  of  rhe  spectra  presented  here  extend  from  30  MeV  to  1000  MeV. 
The  use  of  the  AP7  model  in  the  30-  to  50-MeV  region  is  an  approximation 
in  that  the  API  model  is  recommended  for  these  energies.  The  AP7  model  is 
used  here  below  50  MeV  to  avoid  a discontinuity  at  50  MeV  that  exists  be- 
tween the  API  and  AP7  models.  The  use  of  AP7  below  50  MeV  leads  to  a slight 
overestimate  of  the  differential  proton  flux  below  50  MeV.  The  proton  flux, 
of  course,  is  not  zero  at  energies  < 30  MeV,  but  the  magnitude  of  the  flux 
at  the  lower  energies  is  of  no  interest  here  because  protons  with  energies 
< 30  MeV  will  be  stopped  by  the  thinnest  shield  considered  in  this  report. 
The  assumption  is  made  here  that  all  Van  Allen  belt  proton  spectra  are  zero 
above  1000  MeV.  This  choice  of  1000  MeV  as  the  energy  above  which  there 
are  no  protons  trapped  in  the  earth's  magnetic  field  is  largely  arbitrary. 
The  assumption  of  a zero  proton  flux  above  1000  MeV  is  made  because  of  the 
lack  of  data  at  the  higher  energies  and  not  because  it  is  thought  that  there 
can  be  no  trapped  particles  at  energies  > 1000  MeV. 

The  omnidirectional  differential  proton  fluxes  (normalized  to  unity) 
for  circular  orbits  at  various  altitudes  and  with  0°  inclination  to  the 
equatorial  plane  are  shown  in  Fig.  2.4  as  a function  of  energy.  Similar 
fluxes  are  shown  in  Figs.  2.5  to  2.7  for  orbital  inclinations  of  30°,  60°, 
and  90°,  respectively.  The  results  shown  in  Figs.  2.4  to  2.7  were  obtained 
by  averaging  over  a time  of  one  day.  Lavine  and  Vette  have  published  data 
analogous  to  those  shown  in  Figs.  2.4  to  2.7  obtained  with  an  averaging 
time  of  two  days.  Comparisons  of  the  two  sets  of  data  indicate  that  the 


C:  ?*  J-  Hendricks,  R.  A.  Langel,  and  W.  V.  Hudson,  "A  Pro- 

posed Model  for  the  International  Geomagnetic  Reference  Field  - 1965  " 
J.  Geomag.  Geoelect.  19,  335  (1967).  * 


19. 


17 


NORMAUZEO  DIFFERENTIAL  OMNIDIRECTIONAL  FLUX  (protons /cm2 
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Fig.  2.5.  The  differential  proton  flux  in  the  Van  Allen  belt  for  ci 
cular  orbits  at  30  equatorial  inclination  and  at  several  altitudes.  All 
fluxes  are  normalized  to  1 proton/cm^ *day  with  energies  > 30  MeV. 
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Fig.  2.6.  The  diffe 
cular  orbits  at  60°  equat< 
fluxes  are  normalized  to 
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Fig.  2.7.  The  differential  proton  flux  in  the  Van  Allen  belt  for  cir 
cular  orbits  at  90°  equatorial  inclination  and  at  several  altitudes.  All 
fluxes  are  normalized  to  1 proton/cm2 *day  with  energies  > 30  MeV. 
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differential  proton  fluxes  based  on  a one-day  average  usually  are  not  sig- 
nificantly different  from  the  differential  proton  fluxes  based  on  a two-day 
average,  but  this  is  not  true  for  all  possible  orbits. 

All  of  the  differential  proton  fluxes  shown  in  Figs.  2.4  to  2*7  have 
been  normalized  for  comparison  purposes  to  1 proton  cm**2  day**1  with  energy 
> 30  MeV.  The  normalization  factors  for  each  of  the  cases  shown  in  Figs.  2.4 
to  2.7  are  given  in  Table  2.1.  From  a comparison  of  the  curves  in  each 
figure,  it  is  evident  that  the  spectral  shape  is  very  dependent  on  the  alti- 
tude of  the  orbit. 

The  omnidirectional  differential  proton  flux  is  shown  in  Fig.  2.8  as  a 
function  of  energy  for  circular  orbits  of  various  equatorial  inclinations 
and  an  altitude  of  240  nautical  miles.  Similar  results  for  altitudes  of 
1500,  3000,  4500,  and  6000  nautical  miles  are  shown  in  Figs.  2.9  to  2.12. 

The  data  presented  in  Figs.  2.8  to  2.12  are  the  same  as  those  presented  in 
Figs.  2.4  to  2.7  except  that  they  have  been  multiplied  by  the  normalization 
factors  given  in  Table  2.1.  Comparison  of  the  curves  in  each  figure  indi- 
cates that  the  shape  of  the  proton  flux  per  unit  energy  is  not  strongly  de- 
pendent on  the  orbital  inclination.  The  differential  fluxes  in  Figs.  2.8 
to  2.12  were  used  in  the  shielding  calculations  discussed  later  in  this  re- 
port. 
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TABLE  2.1 

lotal  ^^i^ctional  Proton  Flux  with  Energies  > 30  MeV 

tor  Cl  friilar  *•«  a - » * « _ 


Omnidirectional  Flux 
(protons/cm2 •day) 

Altitude 

Inclination 

(nautical  miles) 

0° 

w 

o 

o 

a\ 

o 

o 

90° 

240 

0 

2.55  x iqS 

1.42  x iqS 

1.26  x XO6 

1500 

1.44 

x 109 

7.00  x xo8 

3.49  x XO8 

3.00  x XO8 

3000 

2.25 

X 

b** 

O 

CO 

9.79  x xo7 

5. IX  x XO7 

4.37  x xo7 

4500 

2,83 

X 

H* 

o 

1.21  x xo7 

6.07  x io& 

5.24  x X06 

6000 

5.87 

X 10s 

2.06  x X08 

1.11  x X05 

9.11  x xo4 
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PROTON  ENERGY  (MeV) 


Fig.  2. 
cular  orbits 


12.  The  differential  proton  flux  in  the  Van  Allen  belt  for  cir- 
with  several  inclinations  at  an  altitude  of  6000  nautical  miles 
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2.2  SOLAR- FLARE  PROTON  AND  ALPHA- PARTICLE  SPECTRA 

The  planning  of  spaceflight  missions  beyond  the  vicinity  of  the  earth 

requires  that  the  occupants  and/or  the  equipment  borne  by  the  vehicle  be 

adequately  shielded  against  the  charged-particle  radiation  from  solar  flares 

The  radiation  emitted  by  some  flares  presents  a significant  hazard  in  space- 

flight  missions,  and  extensive  studies  have  been  made  of  the  radiation  asso- 
ciated  with  solar  flares. 2Q~27 


20‘  Unusual  Cosmlc  Ray  Increases  Possibly  Due  to 

Charged  Particles  from  the  Sun,”  Phys.  Rev.  70,  771  (1946). 

PniT^  Dj-sturbaE‘ces  in  tbe  Lower  Ionosphere  Observed  at  VHP 

Following  the  Solar  Flare  of  23  February  1956  with  Particular  RPfPr<>n ™ 
to  Auroral-Zone  Absorption,"  J.  Geophys.  Res.  j32,  431  (1957). 

22 ’ Storm  ^erS°n;  nioTnizinS  ^diation  Associated  with  Solar  Radio  Noise 
Storm,  Phys.  Rev.  Letters  1,  335  (1958). 

23‘  »’  l\AxJord G‘  C«  Reid,  ’’Increases  in  Intensity  of  Solar  Cosmic 

Res?  ^8^°1793U(l963)?II<IlllenCenlents  °f  Geomagnetic  Storms,"  J.  Geophys. 

24.  F.  B.  McDonald,  "Review  of  Galactic  and  Solar  Cosmic  Rays,"  Proc. 

Second  Symposium  Protection  Against  Radiation  in  Space,  Gatlinburg, 
Tennessee,  October  12-14,  1964,  NASA  SP-71,  1964,  p.  19. 

25.  J.  L.  Modisette,  T.  M.  Venson,  and  A.  C.  Hardy,  "Model  Solar  Proton 

nvironments  for  Manned  Space  Design,"  Tech.  Note  NASA-TN-D-2746,  1965. 

26#  M?  u1?*  R*  Pyle’  J*  A*  siraPson»  and  D.  R.  Smith,  "Protons 

Associated  with  Centers  of  Solar  Activity  and  their  Propoga^ion  in 

nterplanetary  Magnetic  Field  Regions  Corotating  with  the  Sun,"  J. 
Geophys.  Res.  73,  1555  (1968). 

27.  L.  J.  Lanzerotti,  "Solar  Flare  Particle  Radiation,"  Proc.  of  the 
National  Symposium  on  Natural  and  Manmade  Radiation  in  Space.  Las 
Vegas,  Nevada,  March  1-5,  1971,  NASA  TM  X-2440,  p.  193 
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In  this  section,  the  characteristics  of  solar-flare  particulate  radia- 
tion pertinent  in  shielding  calculations  are  discussed.  In  particular,  the 
charge  composition  and  mathematical  representations  of  flare  energy  spectra 
are  presented.  Included  also  is  a brief  discussion  of  the  prediction  of 
solar-flare  events  necessary  to  estimate  the  hazardous  radiation  environ- 
ments that  might  be  encountered  during  a particular  mission, 

2.2.1  Charge  Composition  in  Solar-Flare  Radiation 

Solar— flare  particulate  radiation  is  composed  chiefly  of  protons  with 
a varying  number  of  alpha  particles  and  an  admixture  of  heavier  (Z  ^ 3)  nuc- 
lei. The  characteristic  fractions  of  these  charged  particles  vary  widely 
from  flare  to  flare,  as  well  as  within  a given  flare  as  a function  of  time. 

Protons  have  been  detected  in  all  solar-flare  particulate  radiation,  and 
the  proton  energy  spectra  and  intensities  have  been  investigated  in  consid- 
erable detail.29  31  Compilations  of  the  proton  flux  distributions  measured 
at  a distance  one  astronomical  unit  from  the  earth  during  solar  cycle  19 


*The  discussion  here  is  restricted  to  the  region  outside  of  the  earth’s 
magnetosphere.  Inside  the  magnetosphere,  the  solar-flare  particle  spectra 
are  modified  by  the  earth’s  magnetic  field.  Information  on  how  these  mod- 
ifications may  be  taken  into  account  at  least  approximately  will  be  found 
in  the  work  of  Kuhn  et  al.2g  and  Burrell  et  alA* 


28.  E.  Kuhn,  W.  T.  Payne,  and  F.  E.  Schwamb,  "Solar  Flare  Hazard  to  Earth- 
Orbiting  Vehicles,"  Republic  Aviation  Corp.  Report  RAC  1395-1 
PCD-TR-64-12,  1964. 

29.  K.  A.  Anderson,  R.  Arnoldy,  R.  Hoffman,  L.  Peterson,  and  J.  R.  Winkler 

Observations  of  Low  Energy  Solar  Cosmic  Rays  from  the  Flare  of  22  * 

August  1968,"  J.  Geophys.  Res.  64,  1133  (1959). 

30.  H.  S.  Ghielmetti,  "The  Spectrum  and  Propogation  of  Relativistic  Solar 

Flare  Particles  During  July  17-18,  1959,"  J.  Geophys.  Res.  66,  1611 
(1961).  — * 


31. 


E.  C.  Stone,  "A  Measurement  of  the  Primary  Proton  Flux  from  10  to 
130  MeV,"  J.  Geophys.  Res.  69,  3939  (1964). 
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have  been  prepared  by  Webber « and  by  Lewis  et  al .33  Proton  flux  data  for 
solar  cycle  20  which  began  in  approximately  1965  are  not  yet  as  well  estab- 
lished as  those  for  solar  cycle  19,  but  a discussion  of  and  references  to 
the  available  data  will  be  found  in  the  work  of  Atwell  and  of  Armstrong 

and  Alsmiller.^5 

The  alpha-particle  component  observed  in  solar-flare  radiation  has  also 
been  studied  extensively. 2-, 36-90  Malitson  and  Webber^  observed  that  the 
proton-to-alpha-particle  ratios  vary  from  ~ 10  to  ~ 100  above  fixed  particle 
energies.  A comparison  of  the  peak  omnidirectional  integral  fluxes  of  pro- 
tons and  alpha  particles  observed  in  solar  cycle  19  is  given  in  Table  2.2. 

32'  LI""?1!  "A»  Evalua£ion  of  Radiation  Hazard  Due  to  Solar  Proton 

Events,  Boeing  Report  D2-90469,  1963.  croton 

33*  LB','GWi!’  G‘  Mn  Brown>  J-  Gabler>  end  R.  M.  Magee,  "Solar  Flare 
Radiation  Survey,"  USAF  Weapons  Laboratory  Report  RTD-DTR-63-3044* 

34.  W.  Atwell,  "The  Significant  Solar  Proton  Events  in  the  20th  Solar  Cvele 
for  the  Period  October  1964  to  March  1970  " Prv,„  m - • i o 1 * Cycle 

SaTS  ZZSt, ^rzLrsSTi.. 

SSLT&Ti Geochim- Co“- Act" 

^tltiNin  November,'  1960>  j^le^s^ReL^^OSra^a).^  **** 

38 • S'  Bis»as.  C-  E.  Fitchel,  D.  E.  Guss,  and  C.  J.  Waddington,  "Hydrogen 
Helium,  and  Heavy  Nuclei  from  the  Solar  Event  on  November  15,  I9608"  ’ 

J.  Geophys.  Res.  68,  3109  (1963).  ’ 

39‘  ?n  ?•  Tat“*  "S°lar  Flaru  High  Energy  A1Pha  Particles  and  Their  Storage 
n Interplanetary  Space,  J.  Geophys.  Res.  _69,  3077  (1964). 

40.  N C.  Durgaprasad,  C.  E.  Fitchel,  D.  E.  Guss,  and  D.  V.  Reames,  "Nuclea- 

Charge  Spectra  and  Energy  Spectra  in  the  September  2,  1966  Solar  Particle 
Event,"  Astrophys.  J.  154,  307  (1968).  Particle 

41  • "S°'Lar  Eroton  Manual,"  Frank  B.  McDonald,  Ed.,  Goddard  Space  Flight 
Center  Report  NASA  TR  R-169,  1963,  Chapter  1,  p.  1.  P 8 
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TABLE  2.2a 

Peak  Omnidirectional  Flux  (Particles/cm2 »sec)  for 
Nine  Large  Solar  Events 


Protons 

Alpha  Particles 

Event 

> 10  MeV 

> 30  MeV 

> 100  MeV 

> 40  MeV 

> 120  MeV  > 

400  MeV 

3/23/58 

8,000 

1,200 

100 

420 

60 

1.2 

5/10/59 

30,000 

6,000 

1,000 

5,000 

500 

5 

7/10/59 

15,000 

4,000 

1,200 

800 

160 

5 

7/14/59 

50,000 

10,000 

1,200 

10,000 

1,000 

10 

7/16/59 

18,000 

6,000 

1,500 

5,000 

1,500 

100 

9/30/60 

450 

200 

60 

6 

3 

0.4 

11/12/60 

32,000 

12,000 

2,500 

4,000 

1,500 

180 

11/15/60 

22,000 

8,000 

2,400 

4,200 

1,500 

160 

7/18/61 

7,000 

2,500 

60 

280 

100 

11 

TOTAL 

182,450 

49,900 

10,020 

29,706 

6,323 

472.6 

a.  Taken  from  Ref.  2. 
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The  peak  flux  is  the  largest  value  of  the  flux  observed  during  the  life  of 
the  flare.  The  time-integrated  proton  and  alpha-particle  fluxes  above  spe- 
cific kinetic  energies,  Jp(>  E)  and  Ja(>  E),  respectively,  are  given  in 
Table  2.3.  The  last  column  shows 

J (>  30) 

_J2 

Ja(>  120) 

for  those  flares  for  which  both  radiation  components  were  observed. 

The  heavy-nuclei  component  in  solar-flare  radiation  has  been  studied 
by  Fitchel  and  Guss  and  by  Ney  and  Stein. 3^  The  carbon— nitrogen— oxygen 
(CNO)  group  appears  to  comprise  the  major  portion  of  the  heavy  particles 
that  combine  to  constitute  about  0.1%  of  the  t >tal  flare  radiation. 

In  this  report,  only  the  proton  and  alpha— particle  components  and  the 
shielding  against  these  radiations  will  be  discussed. 

2.2.2  Energy  Spectra  of  Solar-Flare  Radiation 

The  intensity,  energy  spectra,  and  angular  distribution  of  solar-flare 
particles  vary  widely  from  event  to  event  and  as  a function  of  time  during 
an  event.  The  duration  of  a flare  is  of  the  order  of  a day.  For  most  shield 
ing  purposes,  it  is  sufficient  to  consider  only  the  time-integrated  effect 
of  the  flare,  so  only  the  time-integrated  flare  spectra  will  be  considered 
here. 

During  the  early  stage  of  a flare,  the  particle  angular  distribution  is 
quite  anisotropic,  but  the  distribution  rather  rapidly  tends  toward  isotropy 
and  is  isotropic  during  most  of  the  life  of  the  event.  A discussion  of  flare 
anisotropies  may  be  found  in  the  report  by  McCracken. 43  Throughout  this  re- 
port, it  will  be  assumed  that  the  time- integrated  flare  spectra  are  isotropic 

427  C.  E.  Fitchel  and  D.  E.  Guss,  "Heavy  Nuclei  in  Solar  Cosmic  Rays,"  Phys. 
Rev.  Letters  6_,  495  (1961). 

43.  "Solar  Proton  Manual,"  Frank  B.  McDonald,  Ed.,  Goddard  Space  Flight 
Center  Report  NASA  TR  R-169,  1963,  Chapter  3,  p.  57. 


TABLE  2.3 


Time-Integrated  Omnidirectional  Flux  of  Protons  and  Alpha  Particles' 

(Particles/cm2) 


J (>  E) 


J (>  E) 
a 


J (>  30  MeV) 

1_2_ 

E > 30  MeV  E > 100  MeV  E > 120  MeV  E > 400  MeV  J (>  120  MeV) 


2/23/56  1.0  x io9  3.5  x 10* 


7 x 10* 


1/20/57 


2.0  x io8  7.0  x io6 


10/20/57  5.0  x IQ7  1.0  x io7 


3/23/58  2.5  x io8  1.0  x io7 


2.5  x io8  9.0  x io6 


8/16/58  I 4.0  x io7  1.6  x io6 


8/22/58  7.0  x io7  1.8  x io6 


7/10/59 


7/14/59  1.3  x 10 9 1.0  x io8 


5.0  x io6  8,5  x io5 


6.0  x io6  1.2  x io6 


11/12/60  I 1.3  x io9  2.5  x lQf 


11/15/60  7.2  x io8  1.2  x io* 


10/23/62  1.2  x io5  1.0  x io4 


Taken  from  Ref.  2 and  from  Ref.  15 


8 x io1 


5/10/59  9.6  x io8  8.5  x io7  4.2  x io7  3.5  x io5 


1.0  x io9  1.4  x io8  2.4  x io7  5 x io5 


8.0  x io7  7 x io5 


3.5  x io7  7.0  x io6  3.6  x io5  4 x io1 


1.2  x io8  1.1  x io7 


9 x io7  6.5  x io6 


7/18/61  3.0  x io8  4,0  x io7  5.5  x io6  4.0  x io! 


,rr.*  .^.^  ^> , t rwszwsprss*  '*7r^;y^z^'^:^ry:  rr  < hp  wrasse  jggs^g^^ 
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Time-integrated  solar-flare  energy  spectra  may  be  represented  by  power 

functions  of  kinetic  energy  or  magnetic  rigidity  or  as  exponential  functions 

of  magnetic  rigidity.  The  magnetic  rigidity  P.  is  defined  by 

1 


PjC 

j z.e 
j 


J = P»a 


(2.5) 


where 


Pj  ~ the  particle  momentum, 

c = the  velocity  of  light, 

z = the  charge  number  (z  = 1,  z =2) 

J p a ' * 

e = the  electronic  charge. 

It  has  been  demonstrated  by  Hseih44  and  others48  that  for  the  lower  energles 
(<  30  MeV)  expressing  a solar  flare  with  a power  function  in  energy  leads 
to  an  overestimate  of  the  flux,  while  an  exponential-in-rigidity  formulation 
generally  underestimates  the  number  of  particles.  At  the  higher  energies 
(E  > 200  MeV),  the  reverse  is  true.  Modisette48  and  Webber47  have  reviewed 
the  methods  of  flare-spectra  representation  and  have  concluded  that  it  is 
preferable  to  express  integral  solar-flare  spectra  using  exponential-in- 
rigidity functions.  Lanzerotti48  has  also  compared  the  exponential-in- 
rigidity representation  with  the  power  law  in  energy  representation.  It  is 
now  generally  accepted  that  the  exponential-in-rigidity  form  gives  reasonable 
representation  of  the  time-integrated  solar-flare  data,  and  this  representation 

44.  R.  C.  Hseih,  University  of  Chicago,  private  communication,  1970. 

45.  NASA  TR  R-169,  op.  cit..  Chapters  1 and  2. 

46‘  1963?diSette’  ManI'ed  Spacecraft  Center,  NASA,  private  communication, 

47.  W.  R.  Webber,  University  of  Minnesota,  private  communication,  1963. 

48.  L.  J Lanzerotti,  World  Data  Center  A,  56,  Research  Laboratories,  NOAA 
Boulder,  Colorado,  Report  UAG-5,  1969.  See  also  Ref.  27. 
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will  be  used  throughout  this  report.  The  time-integrated  omnidirectional 
flux,  i.e.,  the  omnidirectional  fluence,  of  protons  and  alpha  particles 


above  a given  kinetic  energy  is  expressed  as 


JjOE)  = JQj  exp[-Pj  (E)/Pq]  , j - p,a 


(2.6) 


where 

l 

F. 

Jj(^E)  = the  number  of  protons,  or  alpha  particles,  per  unit 

E 

j area  in  the  flare  having  kinetic  energy  > E, 

[ Pj (E)  = the  rigidity  defined  by  Eq.  2.5, 

J0j>po  = the  parameters  that  characterize  a particular  flare. 

\ It  is  important  to  note  that  for  a particular  flare  the  same  value  of  the 

s 

parameter  Pq  is  used  in  the  proton  and  alpha-particle  spectra. 

I Modisette  et  al,z 5 have  given  values  for  the  parameters  J and  P for 

j op  o 

a large  number  of  flares.  They  found  that  P varies  between  50  and  200  MV  * 

! ° 

and  the  total  number  of  protons  with  energies  > 30  MeV  varies  from  ~ 106  to 

~ 1°9  protons/cm2.  Thus,  these  values  roughly  characterize  the  spectra  that 

must  be  considered.  For  solar-flare  events  of  cycle  19,  the  characteristic 

rigidities  P and  constants  J are  summarized  in  Table  2.4.  The  significant 

r 

f solar-flare  events  that  occurred  during  solar  cycles  19  and  20  are  shown  in 

l 

| Fig.  2.13.  This  figure  is  taken  from  Ref.  35  except  that  two  flares  in  early 

I 

I 1970  have  been  added.36*49  The  arrows  in  the  latter  part  of  1970  and  the 

I 

early  part  of  1971  indicate  times  when  significant  flare  events  for  which 

l 

I data  are  not  yet  available  are  known  to  have  occurred.49  In  general,  solar 


| 

I. 

r 

l 

? 

&■ 

i 


I 


*Rigidity  is  usually  given  in  units  MV  (million  volts).  This  unit  is  such 
^^et  if  P — x MV,  then  Pe  = x MeVj  i.e*,  Pe  in  MeV  has  the  same  numerical 
value  as  P in  MV.  The  relation  between  rigidity,  P,  in  MV  and  kinetic 
energy,  E,  in  MeV  is  given  in  Eq.  2.8. 

49.  J.  H.  King,  Goddard  Space  Flight  Center,  Greenbelt,  Maryland,  private 
communication*  1972. 
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TABLE  2.4 


Integral  Proton  Flux  (Protons/cm2 -Flare)  Above  30  and  100  MeV 
with  Corresponding  Characteristic  Rigidity  P a 


Jp(>30MeV) 

1.0  x 109 

2.5  x 107 

2.0  x 108 

1.2  x 108 
5.  0 x 107 

2.5  x 108 

2.5  x 108 

4.0  x 107 

7.0  x 107 

1.  1 x 108 

6.0  x 106 

9.6  x 108 

1.0  x 109 

1.3  x 109 

9. 1 x 108 

5.0  x 106 

5.0  x 106 

6.0  x 106 
4.  0 x 1C6 
3.5  x 107 

2.  0 X 106 

1.3  x 109 

7.2  x 108 
4.  5 x 107 

3.  0 x 106 

4.  0 y 107 

3.  0 x 108 

5. 0 x 10s 

6.0  x 106 


Jp(>100MeV) 

3.  5 x 108 
6.  0 x 106 

7.0  x 106 

3.  0 x 106 

1.0  x 107 

1.0  x 107 
9.  0 x 106 

1.6  x iO6 
1.8  x 106 
2.  0 x 106 

1.0  x 105 

8.5  x 107 

1.4  x 108 

1.0  x 108 

1.3  x 108 

8.5  x 105 

7.0  x 105 

1.2  x 106 

4. 5 x 105 

7.0  x iO6 

1.2  x IO5 

2.  5 x IO8 

1.2  x IO8 

8.0  x IO6 

2.4  x IO5 

1.0  x IO6 

4.  0 x IO7 

9.0  x 10s 
1.  1 x IO6 


P0(MV) 


3.93 

5.01 

3.96 

5.09 

2.31 

5.  29 

8.  98 
5.89 
3.44 


10/23/62 


1.2  x IO5 


1.0  x IO3 4 


2.  13  X IO7 


a.  Taken  from  Ref.  15 


(protons/cm  2 •flare) 


r-jraawsr.  gg saaaas^: 
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cycle  20  has  been  less  intense  than  solar  cycle  19  and  there  are  indications 
that  solar  cycle  19  may  have  been  anomalously  large,  but  this  is  by  no  means 


certain. 


The  differential  energy  spectrum  of  the  particles  in  a flare  may 
be  obtained  by  differentiating  Eq.  2.6  with  respect  to  energy.  Thus. 


one  has 


dJ. (>  E) 


dE 


f°i 

P 


exp 


P.  (E) 

— <1 


If  Eq.  2.5  is  written  in  the  form 


dP. 
-J. 
dE  » 


3 = P,ct 


(2.7) 


P (E)  = — k/P+2M.E  , 

3 Zj  J 


(2.8) 


where 


YE) 


E = 


the  magnetic  rigidity  in  units  of  MV, 
the  particle  kinetic  energy  in  MeV, 


M. 

3 


the  rest  energy  in  MeV  of  particles  of  type  j, 


then 


dP. 

dE 


E + M. 


zj  >^E2+2M.E 
J 


(2.9) 


and  for  the  differential  energy  spectrum  Eq.  2.7  becomes 


dJ.  (>  E)  J-  . E + M. 

—I = SA 1 


dE 


<2  P i pi- 

j O /E^+2M.E 

J 


exp 


/E2+2M.E 
3 


z.P 
3 o 


3 = P,a 


(2.10) 


Values  of  the  magnetic  rigidity  P^E)  as  a function  of  particle  kinetic 
energy  obtained  from  Eq.  2.8  are  shown  in  Fig.  2.14. 

The  highest  energy  for  which  Eq.  2.10  gives  a reliable  representation 
of  solar-flare  proton  and  alpha-particle  spectra  is  not  well  established 
and  probably  depends  to  some  extent  on  the  characteristic  rigidity  of  the 
flare.  In  this  report,  the  somewhat  arbitrary  assumption  is  made  that  the 


f i 


1 I 
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differential  fluence  of  both  protons  and  alpha  particles  for  all  flares  may 
be  represented  by  Eq.  2.10  for  energies  < 3000  MeV  and  may  be  taken  to  be 
zero  at  energies  above  3000  MeV.  Proton  and  alpha-particle  energy  spectra 
for  characteristic  rigidities  of  50,  100,  and  200  MV  are  shown  as  a function 
of  energy  in  Fig.  2.15,  For  convenience,  the  spectra  have  been  normalized 
to  109  particles  per  cm2  with  energies  between  30  and  3000  MeV;  i.e.,  J 
has  been  determined  by  the  equation 


109 


E E + M. 

1 r max  j 

' ?i  <E>' 

0 J P (E)  exP 

z2P  E . 

3 o mm  J 

P 

o 

dE 


(2.11) 


where  Emax  - 3000  MeV  and  Emin  - 30  MeV.  Differential  fluences  such  as 
those  shown  in  Fig,  2*15  will  be  used  in  the  shielding  calculations  dis- 
cussed later  in  this  report. 


2.15.  Solar-flare  proton  and  alpha- particle  spectra  of  character 
istic  rigidities  of  50,  100,  and  200  MV. 


2.2.3  The  Probability  of  Solar-Flare  Particle  Emission  During  Spaceflights 
of  Given  Duration 

In  planning  spaceflight  missions  outside  of  the  earth's  magnetic  field, 
consideration  must  be  given  to  the  potential  radiation  hazards  from  the  high- 
energy  particles  emitted  from  the  sun  during  a solar  flare.  Since  solar 
flares  occur  on  a nearly  random  basis,  mission  planners  must  estimate  the 
probability  that  solar-flare  particle  emission  will  occur  during  a flight 
and  must  estimate  the  radiation  hazard  to  astronauts  from  this  particle 
emission. 

Detailed  studies  for  estimating  the  probabilities  of  solar-flare  occur- 
rences and  the  particle  energy  spectra  associated  with  these  events  have 
been  made  by  Modisette  et  aZ.,50  Norman,51  Lahti  et  aZ.  ,52  Yucker,53  and 
Burrell.51*  The  methods  considered  by  the  various  authors  contain  many  sim- 
ilarities, but  they  differ  widely  in  detail,  and  there  is  considerable  dis- 
parity in  the  results  obtained.  No  attempt  will  be  made  here  to  enumerate 
the  differences  and  subtleties  of  the  various  approaches,  but  rather  the  more 


50.  J.  L.  Modisette,  T.  M.  Vinson,  and  A.  C.  Hardy,  "Model  Solar  Proton 
Environments  for  Manned  Spacecraft  Design,"  NASA-TN-D  2746,  1965. 

51.  J.  E.  Norman,  "Estimation  of  Radiation  Hazard  Probabilities  Due  to 
Solar  Proton  Events  During  the  Maximum  Solar  Cycle  Phase,"  Brown 
Engineering  Report  SSL-27548-1,  1967. 

52.  G.  P.  Lahti,  I.  M„  Karp,  and  B.  M.  Rosenbaum,  "MCFLARE,  a Monte  Carlo 
Code  to  Simulate  Solar  Flare  Events  and  Estimate  Probable  Doses  En- 
countered on  Interplanetary  Missions,"  NASA  TN  D-4311,  1968. 

53.  W.  R.  Yucker,  "Statistical  Analysis  of  Solar  Cosmic-Ray  Proton  Dose," 
McDonnell  Douglas  Report  MDC  G-0363,  1970. 

54.  M.  0.  Burrell,  "The  Risk  of  Solar  Proton  Events  to  Space  Missions," 

Proc.  National  Symposium  on  Natural  and  Manmade  Radiation  in  Space, 

Las  Vegas,  Nevada,  March  1-5,  1971,  NASA  TM  X-2440,  1972,  p.  310;  see 
also  M.  0.  Burrell,  "The  Risk  of  Solar  Proton  Events  to  Space  Missions," 
NASA  TN  D-6379,  1971. 
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i straightforward  considerations  that  are  more  or  less  common  to  all  of  the 

[ methods  will  be  described.  It  is  to  be  understood  that  the  discussion  here 

is  primarily  for  illustrative  purposes.  For  definitive  information,  Refs.  50 

f 

to  54  should  be  consulted. 

1 The  establishment  of  any  model  for  arriving  at  the  probability  of  solar- 

£ 

event  occurrence  is  complicated  by  the  insufficient  data  currently  available 
on  the  history  of  radiation-producing  flares.  Solar  flares  follow  an  approx- 
imate 11— year  cycle,  and  they  achieve  maximum  intensity  and  frequency  near 
the  middle  of  this  cycle.  Some  of  the  significant  events  that  occurred  dur- 
ing solar  cycles  19  and  20  are  shown  in  Fig.  2.13. 35  Other  similar  data 
will  be  found  in  Refs.  50  to  54  and  in  the  references  given  therein. 

If  the  available  data  for  solar  cycles  19  and  20  are  arranged  into  a 
single  composite  solar-maximum  cycle,  a probability  distribution  in  total 

\ 

particle  fluence  for  a given  mission  may  be  obtained  in  the  following  man- 
ner . The  launch  data  for  a mission  of  given  duration  are  selected  at 
random  during  the  composite  cycle  and  the  total  fluence  for  the  mission  is 
obtained  by  adding  the  fluences  of  all  events  that  occur  during  the  mission. 
This  process  is  repeated  for  a large  number  of  mission  histories,  and  the 
cumulative  probability  distribution  of  total  mission  fluences  is  constructed. 

I 

| A0  example  of  such  a distribution  for  a mission  length  of  one  week  and  for 

I 

| the  total  mission  fluence  > 30  MeV  is  shown  in  Fig.  2.16. 53  The  straight 

line  in  the  figure  is  a least-square  fit  to  the  data  points.  Note  that  since 

j 

probability  paper  is  used,  the  straight  line  represents  a normal  distribu- 
tion in  the  logarithm  of  the  fluence.  In  forming  the  distribution  shown, 
only  those  histories  of  missions  that  encountered  protons  were  used.  The 
inset  in  the  figure  gives  the  probability  of  encountering  protons  during  a 
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Fig.  2.16.  Cumulative  distribution  of  fluence  above  30  MeV  for  7-day 
mission  during  solar  maximum. 
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mission.  The  probability  that  a mission  fluence  greater  than  J(>  30  MeV) 
protons/cm2  will  be  encountered  during  the  one-week  mission  is  obtained  by 
multiplying  the  probability  of  encountering  any  protons  by  the  probability 
that  the  mission  fluence  will  be  greater  than  J(>  30  MeV). 

As  the  mission  duration  increases,  it  should  be  noted  that  the  selection 
process  mentioned  above  gives  many  mission  histories  having  approximately 
the  same  mission  fluence,  and  therefore  the  probability  distributions  such 
as  that  shown  in  Fig.  2.16  are  not  as  well  determined  in  the  case  of  long 
missions  as  in  the  case  of  short  missions.  For  missions  of  the  order  of  or 
less  than  six  months,  a straight-line  fit  to  the  data  such  as  that  shown  in 
Fig.  2.16  is  usually  assumed  since  this  is  consistent  with  the  data  for  short 
missions.  For  longer  missions,  the  method  becomes  inapplicable,  and  more 
elaborate  procedures  are  required.  53 *5if 

With  probability  distributions  such  as  that  shown  in  Fig.  2.16,  the 
mission  fluence  with  E > 30  MeV  may  be  obtained  as  a function  of  mission 
length  for  a given  probability  level.  An  example  of  such  data  taken  from 
Ref.  50  is  shown  in  Fig.  2.17.  It  should  be  recognized  that  extreme  proba- 
bility levels  are  very  speculative  and  that  the  99%  level  may  well  be  the 
maximum  that  is  credible  since  there  is  a fairly  wide  disagreement  about 
this  level. 

Yucker53  has  considered  the  characteristic  rigidities  of  known  solar- 
flare  events  and  has  determined  the  cumulative  probability  of  obtaining  a 
flare  with  rigidity  Pq  as  a function  of  P . Yucker *s  results  are  shown  in 
Fig.  2.18a  The  solid  line  is  a least— square  fit  to  the  data  points  and 
corresponds  to  the  distribution 
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P(>  p_)  = a exp (-  b P ) , 
o o 

where 

a = 3.14 

b - 0.0217  (MV)"1  . 

To  determine  the  dose  from  a solar  flare,  it  is  necessary  to  know  the 
intensity  and  energy  spectrum  of  the  particles  that  are  incident  on  the 
shield.  If  the  representation  of  the  flare  spectrum  discussed  in  Section  2.2.2 
is  used,  it  is  necessary  to  know  the  number  of  particles  per  cm^  with  energy 
> 30  MeV  and  the  characteristic  rigidity  of  the  flare.  To  obtain  the  proba- 
bility that  a specific  dose  will  not  be  exceeded  on  a mission  of  given  dura- 
tion,  the  data  in  Fig.  2.18  must  be  combined  with  data  of  the  type  given  in 
Fig.  2.16  and  the  cumulative  dose  probability  distribution  must  be  calculated. 
The  simplest  procedure  for  carrying  out  this  type  of  calculation  is  due  to 

Modisette  et  at . 50  These  authors  use  the  distribution  in  P , such  as  that 

o 

determined  from  Fig.  2.18,  to  obtain  an  average  Pq  and  then  use  this  average 
value  in  all  dose  calculations.  With  Pq  determined,  doses  may  be  calculated 
for  various  fluence  levels,  and  the  probabilities  that  these  doses  will  be 
exceeded  during  a mission  of  given  duration  may  be  obtained  directly  from 
data  of  the  type  shown  in  Fig.  2.16  for  the  specified  mission  duration.  A 
more  elaborate  method  for  obtaining  the  incident  flare  spectrum  correspond- 
ing to  a given  probability  level  is  described  in  Ref.  54. 

It  should  also  be  mentioned  that  several  investigators  prefer  to  work 
entirely  in  terms  of  dose  probabilities  and  do  not  attempt  to  determine  the 
incident  spectrum.  The  procedure  followed  in  this  case  is  to  calculate  the 
dose  for  a given  spacecraft  geometry  for  each  of  the  flares  that  appear  in 

*See  Sections  3.1  and  3.3. 
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the  composite  solar  cycle  used  above.  With  these  dose  data  and  the  informa- 


tion on  flare  occurrence  used  above,  a cumulative  dose  distribution  may  be 


constructed  by  the  same  procedure  that  was  used  in  obtaining  the  data  points 
in  Fig.  2.16.  This  procedure  has  the  advantage  of  giving  directly  the  de- 
sired probability  that  the  dose  on  a mission  of  specified  duration  will  ex- 
ceed a given  amount,  but  it  has  the  disadvantage  that  the  spacecraft  geom- 
etry must  be  specified  at  the  outset  and  the  entire  calculation  must  be  re- 


peated if  this  geometry  is  modified. 
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2.3  GALACTIC  COSMIC  RAYS 


Galactic  cosmic  rays  have  been  studied  for  many  years  and  there  is 
voluminous  literature  on  the  subject.*  For  shielding  purposes,  however, 

only  a few  general  properties  of  these  cosmic  rays  are  of  interest  and  only 
these  properties  are  discussed  here. 

Galactic  cosmic  rays  are  composed  of  approximately  87%  protons,  12% 
alpha  particles,  and  1%  heavier  nuclei,  and  have  an  energy  spectrum  which 
decreases  rapidly  with  increasing  energy  but  which  extends  to  very  high  en- 
ergies. For  practical  purposes,  their  angular  distribution  may  be  taken  to 
lie  isotropic  outside  of  the  magnetosphere.  The  omnidirectional  fluxes  of 
protons  and  alpha  particles  with  kinetic  energy  greater  than  E per  nucleon 
are  plotted  in  Fig.  2.19  as  a function  of  E divided  by  the  number  of  nucleons 
m a given  species.  The  solar-minimum  proton  spectrum  in  Fig.  2.19  is  taken 
from  the  review  of  McDonald55  and  the  solar-maximum  proton  spectrum  in 
Fig.  2.19  is  based  on  the  1959  spectrum  predicted  by  the  solar-wind  modulation 
theory  of  Durgaprasad  at  at.  55  The  solar-minimum  alpha-particle  spectrum  in 
Fig.  2.19  is  taken  from  the  review  of  McDonald  and  the  solar-maximum  alpha- 
particle  spectrum  in  Fig.  2.19  is  taken  from  Ref.  2 and  from  the  experimental 


*See  Refs.  2,  8,  55,  and  the  many  references  given  therein. 


55. 


F.  B.  McDonald 
Cosmic  Rays , n 
M.I.T.  Press, 


, "IQSY  Observations  of  Low-Ene ^y  Galactic  and  Solar 
in  Annals  of  the  IQSY,  Vol.  4,  Ed.  A.  C.  Strickland. 
Cambridge  (1969),  p.  187. 


56 • ?•  Dyrgaprasad,  C.  E.  Fichtel,  and  D.  E.  Guss,  "Solar  Modulation  of 

Cosmic  Rays  and  Its  Relationship  to  Proton  and  Helium  Fluxes,  Inter- 

Re®11^  T27651(1967)InterStellar  SeC°ndary  Productl°n."  J.  Geophys. 
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KINETIC  ENERGY  (MeV/nucleon) 


Fig.  2.19.  Integral  flux  of  galactic  cosmic-ray  protons  and  alpha 
particles.  K 
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data  of  McDonald,57  Frier  et  aZ.,58  and  Fan  et  aZ.59  In  Fig.  2.20  are  shown 
the  differential  omnidirectional  solar-minimum  and  solar-maximum  proton 
fluxes  per  unit  energy  per  nucleon  and  the  solar-minimum  alpha-particle  flux 
per  unit  energy  per  nucleon,  which,  when  integrated  over  energy  per  nucleon, 
gives  the  corresponding  fluxes  in  Fig.  2.19. 

The  variation  between  the  maximum  and  minimum  in  the  galactic  cosmic- 
ray  fluxes  of  protons  and  alpha  particles  results  from  changes  in  solar  ac- 
tivity. It  has  been  observed  over  a great  number  of  years  that  the  average 
intensity  varies  in  a more  or  less  regular  way  which  generally  follows  the 
approximate  11-year  cycle  of  solar  activity.  When  the  maximum  activity  of 
the  solar  cycle  is  reached  (as  measured,  for  example,  by  the  sunspot  number), 
the  cosmic-ray  intensity  reaches  a minimum  and  then  starts  increasing  until 
the  maximum  is  reached  at  the  time  of  minimum  solar  activity.  Galactic 
cosmic-ray  intensities  are  subject  to  other  short-time  variations  (hours  to 
a few  days),  but,  in  general,  these  variations  are  small  and  are  not  im- 
portant in  shield  design.  For  shielding  purposes,  the  solar-minimum  and 
solar-maximum  spectra  may  be  taken  as  upper  and  lower  limits,  respectively, 
on  the  particle  fluxes  that  will  be  encountered  in  the  space  outside  of  the 
magnetosphere . 

The  intensity  and  energy  spectra  of  the  heavy-particle  components 
(atomic  weight  > 4)  of  galactic  cosmic  rays  are  not  as  well  established  as 
the  intensity  and  energy  spectra  of  the  proton  and  alpha-particle  components, 

57.  F.  B.  McDonald,  ‘'Direct  Determination  of  Primary  Cosmic  Ray  Alpha  Par- 
ticle Energy  Spectrum  by  New  Method,”  Phys.  Rev.  104,  1723  (1956). 

58.  P.  S.  Frier,  E.  P.  Ney,  and  C.  J . Waddington,  "Flux  and  Energy  Spectrum 

of  Cosmic-Ray  a Particles  During  Solar  Maximum,"  Phys.  Rev.  1JL4,  365  (1959). 

59.  C.  Y.  Fan,  G.  Glockler,  and  J.  A.  Simpson,  "Cosmic  Radiation  Helium 
Spectrum  Below  90  MeV  Per  Nucleon  Measured  on  Imp  I Satellite,’'  J. 

Geophys.  Res.  20,  3515  (1965). 
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Fig.  2.20.  Differential  omnidirectional  galactic  proton  flux  at  solar 
minimum  and  solar  maximum  and  alpha-particle  flux  at  solar  minimum. 
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but  considerable  information  is  available.8  In  Table  2.5  the  relative  abun- 
dances of  the  various  nuclides  in  galactic  cosmic  rays,  based  on  the  review 
article  of  Webber  in  Ref.  8,  are  given.  The  precise  meaning  of  these  abun- 
dances is  not  clear  because  the  energy  limits  over  which  they  were  measured 
are  not  clear,  but  here  it  will  be  assumed  that  the  abundances  given  in 
Table  2.5  correspond  to  the  number  of  nuclei  of  a given  type  per  cm2  per 
sec  above  30  MeV  per  nucleon  divided  by  the  number  of  alpha  particles  per  cm2 
per  sec  above  30  MeV  per  nucleon.  The  relative  abundance  of  protons  given 
in  Table  2.5  corresponds  to  the  solar-minimum  proton  and  alpha-particle 
spectra  given  in  Figs.  2.19  and  2.20;  i.e.,  the  relative  abundance  of  protons 
given  in  Table  2.5  was  obtained  by  dividing  the  number  of  protons  per  cm2 
per  sec  above  30  MeV  per  nucleon  from  Fig.  2.19  by  the  number  of  alpha  par- 
ticles per  cm2  per  sec  above  30  MeV  per  nucleon  from  Fig.  2.19.  The  energy 
spectrum  for  elements  with  atomic  weight  > 4 in  the  galactic  cosmic  rays  is 
usually  assumed  to  have  the  same  shape  as  that  for  galactic  cosmic-ray  alpha 
particles  when  all  spectra  are  expressed  in  terms  of  energy  per  nucleon. 

This  means  that  the  differential  omnidirectional  flux  per  unit  energy  per 
nucleon  for  any  heavy  cosmic-ray  nuclei  may  be  obtained  by  multiplying  the 
alpha-particle  flux  per  unit  energy  per  nucleon  given  in  Fig.  2.20  by  the 
appropriate  relative  abundance  from  Table  2.5.  The  spectra  obtained  by  this 
procedure  must  be  considered  to  be  very  approximate,  but  they  represent  the 
best  estimates  that  are  presently  available. 

Shielding  calculations  for  incident  galactic  cosmic  rays  are  somewhat 
different  from  those  for  solar  cosmic  rays  and  Van  Allen  belt  protons  be- 
cause of  the  much  higher  energies  involved.  It  will  be  shown  later  in  this 
report  that  to  a reasonable  approximation  the  secondary  particles  produced 
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TABLE  2.5 


Relative  Abundance  of  Galactic  Cosmic-Ray  Nuclei 
Outside  of  the  Earth’s  Magnetic  Field 


Element 

Relative  Abundance 

(abundance  of  He  taken 
to  be  unity) 

H 

7.27 

He 

1.00 

Li-B 

2.34  x io~2 

C 

2.63  x 10”  2 

N 

1.20  x io“2 

0 

1.61  x 10“2 

F 

2.34  x 10”3 

Ne 

4.77  x io”3 

Na 

2.09  x io~3 

Mg 

3.93  x io“3 

A1 

7.53  x io~4 

Si 

2.84  x io“3 

P-Sc 

1.84  x nr3 

Ti-Ni 

3.68  x io”3 

. ^ - » .!■ 
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by  nuclear  reactions  may  be  neglected  or  drastically  approximated  in  shield- 
ing against  solar  cosmic-ray  protons  and  Van  Allen  belt  protons.  In  the 
case  of  galactic  cosmic  rays,  because  of  the  higher  energies  involved,  this 
is  not  the  case,  and  thus  to  carry  out  shielding  calculations  a large  amount 
of  differential  particle-production  cross-section  data  from  higi, -energy  nuc- 
lear collisions  must  be  available. 

Fortunately,  the  intensity  of  galactic  cosmic  rays  is  sufficiently  small 
(of  the  order  of  a few  particles  cm"2  sec"*)  that  the  dose  an  astronaut  will 
receive  from  them  (of  the  order  of  10  rads  year”1  without  shielding6 °» 61  may 
be  neglected  unless  long  missions  are  considered.*  For  this  reason,  shield- 
ing against  galactic  cosmic  rays  has  not  been  considered  as  extensively  as 
shielding  against  solar-flare  and  Van  Allen  belt  protons. 

In  Chapter  7 of  this  report  are  presented  calculated  results  for  the 
incident  proton  spectra,  shown  in  Fig.  2.20,  which  take  into  account  the 
secondary  particles  from  nuclear  reactions.  Shielding  calculations  for  in- 
cident galactic  cosmic-ray  alpha  particles  and  heavy  nuclei,  which  take  into 
account  the  particles  produced  by  nuclear  reactions,  cannot  be  carried  out 


*The  biological  effects  of  high-energy,  very  heavy  nuclei  are  not  well  under- 
stood, and  it  may  be  that  this  component  of  the  galactic  cosmic  rays  will 
pose  a special  hazard  which  is  yet  to  be  evaluated.62 


60.  J.  R.  Winckler,  "Primary  Cosmic  Rays,"  Radiat.  Res.  JL4,  521  (1956). 

61*  S*  ^atusevich  and  S.  G.  Tsypin,  "Radiation  Shielding  of  a Man  in 
Space,"  At.  Energ.  (USSR)  15,  499  (1963). 


62.  Radiation  Protection  Guides  and  Constraints  for  Space-Mission  and 
Vehicle-Design  Studies  Involving  Nuclear  Systems,"  Report  of  the 
Radiobiological  Advisory  Panel  of  the  Committee  on  Space  Medicine, 
Space  Science  Board,  National  Academy  of  Sciences,  National  Research 
Council,  Washington,  D.  C. , 1970. 
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at  the  present  time  because  the  required  high-energy  nuclear  reaction  cross 
section  data  are  not  available.  In  Appendix  4 of  this  report,  very  approx- 
imate shielding  results  for  incident  galactic  cosmic-ray  alpha  particles 
and  heavy  nuclei  are  presented. 
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Chapter  3 

PARTICLE  TRANSPORT  AND  DOSE  CALCULATIONS 

The  transport  of  heavy  charged  particles,  but  not  the  nuclear-reaction 
products  produced  by  such  particles,  through  matter  has  been  extensively 
investigated  for  many  years  and  is  a quite  well  understood  phenomenon.63*64 
In  this  chapter  the  charged-particle  transport  equations  applicable  in 
space-shielding  calculations  are  discussed.  No  attempt  has  been  made  to 
give  a complete  discussion  of  all  aspects  of  charged-particle  transport, 
but  rather  consideration  has  been  restricted  to  those  aspects  of  such  trans- 
port that  are  significant  in  space  shielding. 

3.1  PRIMARY- PARTICLE  TRANSPORT  WITH  ATTENUATION 
FROM  NUCLEAR  COLLISIONS 

When  a heavy  charged  particle,  e.g.,  a proton  or  an  alpha  particle, 
passes  through  matter,  it  loses  energy  by  the  excitation  and  ionization  of 
atomic  electrons  and  undergoes  nuclear  collisions.  The  loss  of  energy  by 
ionization  and  excitation  occurs  by  a large  number  of  discrete  small  steps 
and  is  most  conveniently  treated  as  a continuous  process.  In  essentially 
all  of  the  space-shielding  calculations  that  have  been  done  to  date,  it  has 
been  assumed  that  heavy  charged  particles  undergo  a continuous  slowing  down 
and  travel  in  a straight  line.  This  is  an  approximation  since  it  is  well 
known  that  heavy  charged  particles,  in  passing  through  matter,  undergo  both 

63.  H.  Bethe  and  J.  Ashkin,  "Passage  of  Radiation  Through  Matter,"  in 
Experimental  Nuclear  Physics,  E.  Segre,  Ed.,  Part  II,  John  Wiley  & 

Sons,  Inc.,  New  York,  1963. 

64.  B.  Rossi,  High-Energy  Particles,  Prentice-Hall,  Inc.,  Englewood  Cliffs, 
N.  J.,  1952. 
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angular  deflection  and  range  straggling, 63 >65> 66  but  these  effects  are 

small,6'  and  the  use  of  the  approximation  greatly  simplifies  space-shielding 
computations. 

When  a heavy-particle-nucleus  nonelastic  collision  occurs,  the  incident 
particle  is  absorbed  and  a variety  of  particles  is  emitted.  When  a heavy- 
particle-nucleus  elastic  collision  occurs,  the  incident  particle  undergoes 
an  energy  loss  and  angular  deflection,  and  the  struck  nucleus  acquires  ki- 
netic energy.  The  energy  losses  and  angular  deflections  of  protons  and 
alpha  particles  due  to  elastic  collisions  with  heavy  nuclei  are  sufficiently 
small  that  they  may  be  neglected.  In  hydrogenous  media,  however,  the  effects 
of  proton  and  alpha-particle  collisions  with  hydrogen  nuclei  are  not  en- 
tirely negligible,  and  therefore  these  collisions  are  often  not  neglected. 

It  is  convenient  tc  distinguish  between  incident  particles  that  have 
not  undergone  nuclear  collision  and  the  products  of  nuclear  collision  be- 
cause, for  many  space-shielding  purposes,  the  effects  of  the  reaction  pro- 
ducts may  be  neglected  and  because,  in  general,  the  transport  of  the  re- 
action products  is  more  complicated  than  the  transport  of  those  incident 
particles  that  have  not  undergone  nuclear  collision.  For  the  purposes  of 
this  work,  a primary  particle  will  be  defined  to  be  an  incident  particle 
that  has  undergone  neither  an  elastic  nor  a nonelastic  nuclear  collision. 

65.  M.  J.  Berger,  "Monte  Carlo  Calculation  of  the  Diffusion  of  Fast 
Charged  Particles,"  in  Methods  of  Computational  Physics.  Vol.  I, 

Academic  Press,  New  York,  1963,  p.  135. 

66.  R.  M.  Sternheimer,  "Range  Straggling  of  Charged  Particles  in  Be,  C, 

Al,  Cu,  Pb,  and  Air,"  Phys.  Rev.  117,  485  (1960). 

R.  G.  Alsmiller,  Jr.,  J.  Barish,  and  W.  W.  Scott,  "The  Effects  of 
Multiple  Coulomb  Scattering  and  Range  Straggling  in  Shielding 
Against  Solar-Flare  Protons,"  Nucl.  Sci.  Eng.  35,  405  (1969). 
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Witn  this  definition  and  using  the  continuous  slowing-down  and  straight 
ahead  approximations,  it  follows  from  conservation  of  particles  that  the 

equation  for  primary-particle  flux  in  any  direction  in  a homogeneous  shield 
may  be  written 


^ *j(E’r,)  + °Sj  (E>  = -k  fS^(E)  (E.r')]  . j = p>0 


(3 


rSj  " l nSa  °aj  * 


(3 


where 

p,a  = the  subscripts  which  are  used  to  denote  protons  and  alpha 
particles,  respectively;* 

— the  particle  kinetic  energy; 

rf  = the  position  coordinate  measured  along  the  direction  of 
motion  of  the  particles  being  considered; 

*j(E,r’)  = the  flux  of  primary  particles  of  type  j per  unit  kinetic 
energy  at  position  r*; 

nSa  = the  number  density  of  target  nuclei  of  type  a in  the  shield 
denoted  by  subscript  S (the  sum  over  a in  Eq.  3.2  is  to  be 
carried  out  over  all  nuclear  species  in  the  shield); 

Qaj  * the  total  cross  section  for  the  collision  of  a particle 
°f  type  j with  a nucleus  of  type  a (since  elastic  col- 
lisions with  nuclei  other  than  hydrogen  will  be  neglected, 

CTaj  is  ^or  el®®ents  other  than  hydrogen  taken  to  be  the 
nonelastic  cross  section) ; 

*In  all  of  the  equations  of  this  and  subsequent  sections,  the  subscript  i 

may  be  put  equal  to  either  p or  a,  so  an  explicit  indication  of  this  will 
not  be  given. 


«^Wg^r»«W»  >wwiftM 


62 


Sgj (E)  ■*  the  energy  loss  per  unit  distance,  i.e.,  the  stopping  power, 

of  a particle  of  type  j in  the  shielding  material  considered. 
In  space-shielding  calculations  it  is  convenient  to  use  the  variable 

pr’,  where  p is  the  density  of  the  shield,  rather  than  r*.  Equation  3.1 
when  divided  by  p becomes 


(E) 


*j(E>r,)  + ~H — tj<E’r’>  “ -k  £ SSJ(E)  *i’ <*.*’>) 


j 


and,  with  the  definitions 

r - pr* 

°Sj  (E)  - p % <E> 

SSj  (E)  ■ p SSj  (E> 

(E,r)  s $! (E,r*>  » 

becomes 

3$.(E,r) 

3r  +gSj(E)  VE,r>  * 9E  [SSj(E)  $j(E,r)1  • 


(3.3) 


(3.4) 


(3.5) 


r 


Equation  3. a has  the  same  form  as  Eq.  3.1  but  the  symbols  have  slightly  dif- 
ferent meanings.  In  particular,  if  r*  is  measured  in  cm,  then  r is  measured 
in  g cm“2.  In  the  remainder  of  this  work,  Eq.  3.5.  will  be  used;  i.e.,  it  will 
be  assumed  that  the  transformation  to  the  variable  or*  has  been  made. 

Equation  3.5  may  be  solved  to  yield* 


(E,r)  = Q (Ej ) 


fsffl 

SSj  <E> 


exp 


ft  gS1<E’> 

L ve,) 


fEi  dE’ 

i V?T  '• 


where 

•Jb«>  * the  angular  flux  per  unit  energy  of  particles  of  type  j 
which  are  incident  on  the  shield. 


(3.6) 


(3.7) 


*A  derivation  of  this  equation  is  given  in  Appendix  1. 
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The  function  $^q(E)  may  be  any  of  the  incident  spectra  discussed  in  Chapter  2. 

Since,  however,  $j0(E)  must  be  an  angular  flux,  it  is  obtained  by  dividing 

the  omnidirectional  fluxes,  - — , of  Chapter  2,  which  are  assumed  to  be 

isotropic,  by  4tt.  In  the  case  of  solar  flares,  the  incident  flux  has  been 

integrated  over  time  so,  properly  speaking,  and  $.  are  fluences  rather 

30  j 

than  fluxes. 

The  simplicity  of  Eqs.  3.6  and  3.7  is  a direct  consequence  of  the  ap- 
proximations that  have  been  made.  Because  of  the  continuous  slowing-down 
and  straightahead  approximations,  the  flux  of  particles  per  unit  energy  in 
a given  direction  depends  only  on  the  thickness  r and  the  incident  spectrum. 
Equation  3.7  expresses  the  fact  that  a particle  of  type  j that  enters  the 
shield  with  energy  will  have  the  energy  E at  depth  r.  In  Eqs.  3.6  and  3.7 
E must  be  greater  than  zero.  If  E is  set  equal  to  zero  in  Eq.  3.7,  then  r 
is  the  distance  that  a particle  of  type  j with  energy  E..  will  travel  in  the 
shield.  The  r value  so  determined  is  called  the  range  of  the  particle  with 
energy  E^  in  the  shield.  For  a specific  choice  of  shield  thickness,  r, 

Eq.  3.7,  with  E set  equal  to  zero,  determines  the  minimum  incident-particle 
energy  that  can  reach  depth  r;  i.e.,  all  incident  particles  of  type  j with 
energy  < Ejm£n»  defined  by 


f^jmin  dE' 

l VE'> ' 

will  come  to  rest  before  reaching  depth  r 
describes  the  attenuation  of  the  incident 


r , (3.8) 

In  Eq.  3.6  the  exponential  factor 
particles  due  to  nuclear  reactions. 


Sc,(Ej 


^Sl vi  ' 

The  ratio  g"^gy  in  Ecl«  3.6  is  a Jacobian  which  transforms  from  an  energy 

Sj 

range  dE  to  an  energy  range  dE^ . To  understand  this,  note  that  from  Eq.  3.7 


8E 

3E 


VE> 


(3.9) 
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Equations  3.1-3. 7 are  written  for  a single  homogeneous  medium.  The 
flux  of  particles  that  have  passed  through  a succession  of  different  homo- 
geneous media  may  be  obtained  by  successive  utilization  of  Eqs.  3.6  and  3.7. 
To  illustrate  this,  consider  the  case  of  a shield  followed  by  tissue  and 
let  Tg  be  the  thickness  of  the  shield  in  the  direction  of  the  incident 
particles  being  considered.  If  r < rg,  then  Eqs.  3.6  and  3.7  are  valid 
and  give  the  flux  at  a depth  r in  the  shielo.  If  r > rg,  then  Eqs.  3.6 
and  3.7  may  be  used,  but  the  initial  flux  to  be  used  in  the  equations  is 
that  which  exists  at  the  shield-tissue  interface.  Thus, 


^(E,r)  - yE'  rs) 


TJ 

V^i  / 

STj 

(E)  exp 

fEj 

dE" 

J 

I? 

<E") 

E!  o (E") 

- f J .fJ  rfptl 

E VE  > 


r > r. 


(3.10) 


(3.11) 


where 

♦j(E*r)  * the  angular  flux  per  unit  energy  of  particles  of  type  j 
at  the  depth  r - rg  in  tne  tissue; 

VEi,r*>  " the  an8ular  ^lux  P*r  unit  energy  of  particles  of  type  j 
at  the  shield  tissue  interface; 

(E)  * the  stopping  power  of  tissue  for  particles  of  type  j; 
ot^(E)  ■ the  total  macroscopic  nuclear-reaction  cross  section 
for  a particle  of  type  j in  the  tissue. 
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If  now  *j(E*,rs)  is  taken  from  Eqs.  3.6  and  3.7, 


<J».^R.r^  m Ai  (X?  »•  «*  \ _ a /„  x SS.1(Ei)  STj(EP 

y • ’ *j(E,rs’rT>  VV  srm  irnr 


Sjv  j'  Tj 


exp 


A aSi(EM) 

f J ~JL  _»  JpH 

£•  S“  (E")  dE 


'j 


Sj 


exp 


E*.  ff_.(E") 

- / J -31„  dE« 
l S_. (E")  dE  I 


L E Tj 


r > r. 


(3.12) 


f 3 dEM 
*j 


E’  V*T 


(3.13) 


fEj  dE” 

E V1^ 


r “ rS  ■ rT  * 


(3.14) 


and  thus  ^(E,r)  may  be  obtained  provided  the  stopping  powers  and  cross  sections 
are  known  as  functions  of  energy.  The  notation  ^(E.r^)  will  be  used  to 
indicate  that  ^ depends  on  both  rs  and  rr  Hie  extension  of  Eq.  3.12  to  the 
case  of  more  than  two  successive  homogeneous  media  is  straightforward. 

3.2  SECONDARY- PARTICLE  TRANSPORT 

In  writing  the  equations  of  the  previous  section,  nuclear  reactions 
were  treated  as  absorptions  and  no  account  was  taken  of  the  particles  that 
are  emitted  from  such  reactions.  A large  variety  of  secondary  particles 
(neutrons,  protons,  alpha  particles  and  heavy  nuclei,  photons,  and  charged 
and  neutral  pions)  is  emitted,  and  a complete  shielding  analysis  must  include 
the  effects  of  these  particles.68  Because  of  the  large  variety  of  particles 
involved  and  because  of  the  large  amount  of  differential  cross-section  data 
required  to  describe  the  many  nuclear  reactions  that  may  occur  in  the  shield 

A^8ni^ller*  Jr«*  "High-Energy  Nucleon  Transport  and  Space  Vehicle 
Shielding,"  Nucl.  Sci.  Eng,  27,  158  (1967). 
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and  in  tissue,  such  a complete  analysis  is  very  complex.  For  shielding 
against  Van  Allen  belt,  solar-flare,  and  galactic  cosmic-ray  protons,  com- 
puter codes  capable  of  carrying  out  such  an  analysis,  at  least  in  simplified 
geometries,  exist.69-71  Fortunately,  in  shielding  against  Van  Allen  belt 
and  solar-flare  protons,  the  contribution  of  the  secondary  particles  to  the 
dose  an  astronaut  will  receive  is  not  large  and  may  be  neglected  or  esti- 
mated very  approximately.  The  contribution  of  the  secondary  particles  to 
the  dose  in  the  case  of  incident  galactic  cosmic-ray  protons  is  not  small 
compared  to  the  dose  from  primary  protons,  but  the  total  dose  is  small  and 
need  be  considered  only  for  long  missions.60*61  In  the  subsequent  sections 
of  this  report,  a variety  of  calculated  results  which  include  contributions 
from  secondary  particles  will  be  presented  and  compared  with  results  ob- 
tained neglecting  or  approximating  these  contributions.  Since,  however, 
for  the  large  majority  of  present-day  space-shielding  calculations  a de- 
tailed knowledge  of  secondary-particle  transport  is  not  needed,  an  extensive 
discussion  of  this  transport  will  not  be  given  here.  Such  a discussion  may 
be  found  in  Ref.  68.  The  details  associated  with  obtaining  the  secondary- 
particle  results  given  in  the  body  of  the  report  are  given  in  Appendix  3. 
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3.3  ABSORBED  DOSE  AND  DOSE  EQUIVALENT 

To  assess  the  effectiveness  of  a shield  in  protecting  an  astronaut,  it 
is  necessary  to  obtain  a measure  of  the  biological  hazard  associated  with 
the  radiation  absorbed  in  the  astronaut.  The  quantities  usually  used  for 
this  purpose  are  the  absorbed  dose  and  the  dose  equivalent.  The  absorbed 
dose  is  the  energy  deposited  per  gram  of  tissue  at  a specific  point  in  the 
astronaut.  The  dose  equivalent  is  obtained  by  weighting  the  energy  depos- 
ited per  gram  of  tissue  by  each  particle  at  a specific  point  in  the  astro- 
naut with  a quality  factor  that  is  dependent  on  the  stopping  power  of  tissue 
for  the  particle  and  adding  the  weighted  contribution  of  all  particles. 

Both  the  absorbed  dose  and  the  dose  equivalent  may  be  calculated  from 
the  primary-proton  flux  per  unit  energy.  Consider  a spacecraft  with  an 
astronaut  inside  and  consider  a point  in  the  astronaut  at  which  the  dose 
(either  the  absorbed  dose  or  dose  equivalent)  is  desired.  A ray  drawn  from 
this  dose  point  passes  through  a thickness  r^  of  tissue  and  r£  of  shield, 
and  the  angular  flux  per  unit  energy  at  the  dose  point  from  particles  in- 
cident on  the  spacecraft  along  this  ray  may  be  calculated  by  the  method  de- 
scribed in  Section  3.1  of  this  report.  The  thicknesses  r ' and  rf  may  be 
pdranctctized  by  the  polar  angles  of  the  ray  with  respect  to  an  arbitrarily 
drawn  coordinate  system,  and  the  omnidirectional  flux  per  unit  energy  at 
the  dose  point  may  be  obtained  by  adding  the  contribution  from  all  rays, 
i.e.,  by  integrating  over  the  parametric  polar  angles.  Finally,  the  ab- 
sorbed dose,  which  is  defined  to  be  the  energy  deposited  per  gram  of  tissue, 
may  be  obtained  by  multiplying  the  omnidirectional  flux  per  unit  energy  by 
the  energy  loss  per  unit  distance  in  tissue  and  integrating  over  all  energies. 
The  equation  for  the  absorbed  dose  is  then 
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2 it  1 E" 

D,  - C / d*  / d(cos8)  ! 31,laxdE  « tE,rI(0,+),  rice,*)]  S_.  (E)  , (3.15) 

j O -1  o J s T TJ 

where 

* the  absorbed  dose  at  the  point  being  considered  due  to 
incident  particles  of  type  j; 

C * a constant  which  converts  from  energy  deposition  per 
unit  volume  to  rad.  [If  energy  is  measured  in  MeV, 
then  C - <1.6  x 1CT8  rad)/(MeV/g) . ] 

Ejmax  " the  maximum  energy  of  a particle  of  type  j at  the  dose  point; 
and  $j(E,rs,rT)  is  to  be  obtained  from  Eq.  3.12. 

The  dose  equivalent  °Qj  is  obtained  in  much  the  same  manner  as  the 
absorbed  dose,  but  the  energy  deposited  by  each  particle  is  weighted  with 
a quality  factor  that  is  a function  of  the  stopping  power  of  tissue  for  the 
particle  being  considered;72  that  is, 

2 it  1 E? 

D0i  “ C0  / d<f*  / d(cos0)  / ^maX  dE 

XJ  y o -1  o 

^[E,r*(0,4»),  r^,<e,4»)]  STj(E)  Q[STj(E)]  , (3.16) 

where 

Cp  ■ a constant  which  converts  from  weighted  energy  deposition  per 
unit  volume  to  rem.  [If  energy  is  measured  in  MeV,  then 
C - (1.6  x 10“8  rem)/ (MeV/g) • ] 

It  should  be  noted  that  in  Eq.  3.16  the  quality  factor  Q does  not  have  a 
subscript  j.72 

72. "Recommendations  of  the  International  Commission  on  Radiological 

Protection,"  ICRP  Publication  No.  9,  Pergamon  Press,  New  York,  1966. 
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To  carry  out  the  integrations  in  Eqs.  3.15  and  3.16  is  problematic. 

This  would  be  particularly  true  if  these  equations  were  written  for  a real 
spacecraft  since  the  shield  would  not  be  homogeneous,  and  along  a given  ray 
a sequence  of  many  different  materials  would  be  encountered  by  the  incident 
radiation.  In  the  case  of  a real  spacecraft,  not  only  would  the  numerical 
integrations  be  complicated  but  the  information  required  about  the  space- 
craft would  be  very  extensive  and,  in  general,  not  available.  Approximation 
methods  that  may  be  used  to  obtain  the  fluxes  and  carry  out  the  dose  inte- 
grals in  the  case  of  a complex  spacecraft  are  described  later  in  this  work. 

For  an  isotropic  incident  flux  per  unit  energy,  the  integrations  in 
Eqs.  3.15  and  3.16  can  be  carried  out  in  a straightforward  manner  if  the 
geometry  is  sufficiently  simple.  Consider,  for  example,  the  geometry  shown 
in  Fig.  3.1;  i.e.,  consider  the  case  of  a spherical  shell  shield  with  a 
sphere  of  tissue  at  the  center  and  consider  the  dose  at  the  center  of  the 
tissue.  In  this  case,  only  those  particles  that  are  incident  on  the  outside 
of  the  shield  along  a radius  vector  contribute  to  the  dose,  and  all  particles 
that  contribute  pass  through  the  same  thickness  of  shield  material,  vacuum, 
and  tissue.  Then,  in  Eqs.  3.15  and  3.16,  the  flux  per  unit  energy  $ is 

independent  of  the  angles  0,$,  and  the  integration  over  these  angles  may  be 
carried  out  to  give 

E,f 

YW  = 4"C  / 3"aX  dE  *jff»rg,rt>  STj  (E)  (3.1.7) 

E'.' 

VW  = 4¥CQ  / dE  VE)  Q[Stj(E>]  , (3.18) 

where  E” 

jmax 


is  determined  from  the  equations 
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f Jmax  dEf 

e:  sSj<E’) 
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= r. 


(3.19) 
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with 


t jmax  dE* 

E'.'  STj  ^E  * ^ 
jmax  J 


rT  ’ 


(3.20) 


E. 

jmax 


the  maximum  incident  energy  of  a particle  of  type  j 


It  should  be  remembered  that  ^ in  Eqs.  3.17  and  3.18  is  the  angular  flux 
per  unit  energy.  For  an  isotropic  flux.  Air  *.  ls  the  omnidirectional  flux 
per  unit  energy,  so  the  equations  could  be  written  in  terms  of  the  omni- 
directional  flux  per  unit  energy. 

It  must  be  emphasized  that  Eqs.  3.17  and  3.18  are  valid  only  at  the 
center  of  the  tissue  sphere.  The  dose  as  a function  of  position  in  the 

tissue  sphere  can  be  calculated  only  from  the  more  general  equations,  i.e., 
from  Eqs.  3.15  and  3.16. 

Equations  3.17  and  3.18  express  the  absorbed  dose  and  dose  equivalent, 
respectively,  at  the  center  of  the  tissue  sphere  in  terms  of  an  integral 
over  the  particle  flux  per  unit  energy  at  the  center  of  the  sphere.  These 
doses  can  also  be  expressed  as  integrals  over  the  incident-particle  flux 
per  unit  energy  by  transforming  the  integration  variable  from  E to  E 
Equation  3.12  may  be  written 
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XSj  <E.1,Ej) 


= exp 


X^,j  (Ej  ,E)  * exp 


E °Si (E  ) 

- / J rVr dE" 

L E’  SSjU  } 

rEi  aTi(EM) 

- [ J — -J.  dFu 

E STj <E"> 


(3.22) 


(3.23) 


£ 

/ 

Ej  "Sj 


j dE" 

. S (Eu) 


* r. 


(3.24) 


I 


Ej  dE” 


E STj  (E  * 


rT  ‘ 


(3.25) 


Equation  3.24  gives 
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and,  using  Eq.  3.9, 
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In  like  manner,  Eq.  3.25  gives 
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so,  combining  Eqs.  3.26  and  3.27, 
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and  Eq.  3.21  becomes 


<KE,rs,rT)  dE  = Xgj  (Ej  >E j)  XTj(E^,E)  4Jo(Ej)  dE. 


(3.29) 


where  in  Xg^.  and  the  energies  El  and  E must  be  expressed  in  terms  of 


E , r , and  r with  Eqs.  3.24  and  3.25. 
ja  i 


Now  specializing  to  the  geometry  of  Fig.  3.1  and  calculating  the  dose 
at  the  center  of  the  tissue  sphere,  Eqs.  3.17  and  3.18  become 
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(3.31) 


where 


Ejmax  = the  maximum  energy  of  an  incident  particle  of  type  j, 


Ejmin  = the  minimum  energy  of  an  incident  particle  of  type  j 


that  can  reach  the  center  of  the  tissue  sphere, 


and  again  in  Eqs.  3.30  and  3.31  the  energies  El  and  E must  be  expressed  in 

J 


terms  of  E^,  rg,  and  r^  with  Eqs.  3.24  and  3.25.  The  energy  E.  ^ may  be 


determined  from  the  equations 
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Equations  3.30  and  3.31  are  completely  equivalent  to  Eqs.  3.17  and  3.18,  and 
either  set  of  equations  may  be  used  for  numerical  computations. 
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3.4  PRIMARY-PROTON  TRANSPORT  WITHOUT  ATTENUATION  FROM 
MJCLEAR  COLLISIONS  AS  AN  APPROXIMATION  METHOD 
FOR  INCLUDING  SECONDARY  PARTICLES 

The  nuclear  reaction  cross  sections  ag^  and  for  the  primary  particle 
fluxes  per  unit  energy  appear  in  Eq.  3.12.  The  simplest  approximation  method 
for  including  the  effects  of  secondary  particles  is  to  neglect  these  cross 
sections,  i.e.,  to  set  them  equal  to  zero,  in  calculating  the  primary-particle 
flux  per  unit  energy • This  may  be  considered  as  an  approximate  method  for 
including  secondary  particles  in  that  it  is  equivalent  to  the  assumption  that 
when  a nuclear  collision  occurs  a single  particle  of  the  same  kind  as  the  in- 
cident particle  is  emitted  with  the  same  energy  and  in  the  same  direction  as 
the  incident  particle.  When  one  considers  the  large  variety  of  particles, 
energies,  and  angles  that  can  arise  from  a nuclear  collision,  it  is  clear 
that  this  is  a gross  oversimplification  from  the  point  of  view  of  the  physics 
involved,  but  this,  of  course,  does  not  invalidate  it  from  a numerical  point 
of  view.  Also,  the  computation  of  the  flux  from  Eq.  3.12*  is  simplified  if 
the  cross  sections  are  set  equal  to  zero,  and  for  this  reason  the  approxi- 
mation is  to  be  preferred.  The  validity  of  the  approximation  was  considered 
some  time  ago  by  More  and  Tiffany.73  *7**  In  Chapter  6 its  validity  is  re- 
examined in  some  detail  by  comparing  calculated  results  obtained  using  the 
approximation  with  calculated  results  obtained  including  secondary-particle 
production  and  transport. 

73.  K.  A.  More  and  0.  L.  Tiffany,  "Comparison  of  Monte  Carlo  and  Ionization 
Calculations  for  Spacecraft  Shielding,"  Proc.  Symposium  on  the  Pro- 
tection Against  Radiation  Hazards  in  Space,  Gatlinburg.  Tennessee. 

November  5-7,  1962,  TID-7652,  Book  2,  p.  682. 

74.  K.  A.  More  and  0.  L.  Tiffany,  "Cosmic-Ray  Shower  Production  in  Manned 
Space  Vehicles  - Copper,"  Proc.  Second  Symposium  on  Protection  Against 
Radiations  in  Space,  Gatlinburg,  Tennessee,  October  12-14.  1964. 

NASA  SP-71,  1964,  p.  183. 


75 


For  future  reference*  it  is  to  be  noted  that  in  the  approximation 


Eq.  3.12,  3.13*  and  3*14  become 
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dose  equivalent,  respectively*  Eqi 

• . 3*17  and  3.18 

do  not  change*  but  the  alternate  expressions  for  these  quantities  given 
Eqs.  3.30  and  3.31  do  simplify  in  that  X$^  and  XT4  become  unity 
Eq*.  3.30  and  3.31  become 
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where  E »u*t  again  be  expre.sed  In  t«n  of  Ej  through  Eq*.  3.38  and  3.37. 
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3.5  BQUIVALEhTr- THICKNESS  APPROXIMATION 

A»  pointed  out  previously,  to  carry  out  the  integrations  in  Eqs.  3.15 
and  3.16  for  the  case  of  an  actual  spacecraft  is  very  problematic.  In  this 
section,  an  approximation  method  that  may  be  used  :o  simplify  shielding  cal- 
culations for  very  complex  spacecraft  is  discussed. * The  method  is  usually 
applied  only  when  absorption  of  primary  particles  due  to  nuclear  collisions 
is  neglected,  so  only  the  transport  equations  with  the  nuclear  cross  sec- 
tions set  equal  to  sero  will  be  used. 

The  basic  equation  of  the  equivalent-thickness  approximation  may  be 
written 

sAj(I)  - V*>  • (3.60) 

where 

*Aj(*)  • the  energy  loss  per  unit  distance  of  a particle  of  type  J in 
an  arbitrary  material  which  is  denoted  by  the  subscript  A; 
a quantity  which  is  Independent  of  E but  whose  value  may  de- 
pend on  the  material  A,  the  standard  material  C,  and  the 
type  of  particle; 

$Cj(*)  • the  energy  lose  per  unit  distance  of  a particle  of  type  j in 

standard  material  which  is  denoted  by  the  subscript  C. 
Equation  3.40  is  to  hold  for  any  material  A,  so  it  relates  the  stopping 
power  of  all  materials  to  that  of  a single  material.  The  validity  of  a re- 
lation such  as  that  given  by  Eq.  3.40  is  discussed  later  in  this  report.  To 

•The  space-shielding  code  of  Li ley  and  Hamilton,75  which  is  discussed  later 
in  this  report,  utilises  a form  of  the  equlvalent-thlcknese  approximation. 

The  approximation  described  here  differs  from  that  used  by  Liley  and 
Hamilton  in  that  it  does  not  require  that  the  stopping  powers  have  a 
specific  a*' lytic  fora. 

75.  1.  Liley  and  S.  C.  Hamilton,  ’’Modified  Elemental  Volume  Dose  Program 

(HEVDP),**  North  American  Rockwlll  Corp.  Report  AIVL-TR-69-68,  1T71. 
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explain  how  such  a relation  may  be  used  to  simplify  shielding  calculations, 
it  will  first  be  applied  to  the  equations  of  Section  3.4  for  the  geometry 
shown  In  Fig.  3.1. 


With  the  equations 


VE>  - Ks<y  scj<E> 


Sjj(E)  * SCj(E)  , 


(3.41) 

(3.42) 


Eqs.  3.35,  3.36,  and  3.37  become 
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Equations  3*44  and  3.45  may  be  added  to  give 
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and  if  now  an  equivalent  thickness  of  material  C,  rr,  is  defined  by 


rC  " KSCj  *S  4 *TCj 


*r  » 


(3.47) 


Eq«  3.46  becomes 
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Equations  3*43  and  3.48  no  longer  contain  any  reference  to  any  material  other 
than  the  standard  one.  The  dose  equations,  3.17  and  3.18,  may  be  written 
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where,  of  course,  r^,  still  depends  on  Tg  and  r^,  through  Eq.  3.47.  The  im- 
portant point  is  that  and  can  be  plotted  as  a function  of  r^,  without 
reference  to  rg  and  r^,  and  then  the  doses  can  be  obtained  from  the  plot  for 
any  shield  material  and  thickness  and  any  tissue  thickness  by  determining 
from  Eq.  3.47. 

For  the  simple  geometry  shown  in  Fig.  3.1,  the  equivalent- thickness 
approximation  is  useful  in  reducing  the  computational  effort  required  for 
shielding  calculations,  but  in  the  case  of  complex  geometries  it  is  very 
powerful  since  the  flux  calculation  need  be  carried  out  only  as  a function 
of  the  variable  rather  than  as  a function  of  the  individual  thicknesses 
of  the  various  materials  that  the  incident  particles  traverse  in  passing* 
through  the  shield  to  the  dose  point.  It  should  be  noted  that  in  the 


equivalent- thickness  approximation,  the  information  required  about  the  shield 
is  slightly  reduced  from  that  which  would  be  required  to  carry  out  the  cal- 
culations exactly  in  that  only  the  total  thickness  of  a given  type  of  material 
enters  into  the  determination  of  rr;  that  is,  the  sequence  of  materials  which 


the  radiation  passes  through  does  not  enter  into  the  determination  of  r^. 

For  example,  Eq.  3.47  would  be  unchanged  if  the  radiation  had  passed  through 


a thickness  rT 


of  tissue  and  then  through  a thickness  r, 


of  shield. 
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3.6  ANALYTIC  STOPPING-POWER  APPROXIMATION 

In  this  section  another  approximation  method  that  may  be  used  to  simplify 
shielding  calculations  for  very  complex  spacecraft  is  discussed.76”78  The 
method  described  here  is  the  basis  of  the  shielding  code  of  Hill  et  at, ,78 
Which  is  considered  later  in  this  report.  This  method,  like  the  equivalent* 
thickness  approximation,  is  usually  applied  only  when  absorption  of  primary 
particles  due  to  nuclear  collisions  is  neglected,  so  only  the  transport  equa- 
tions with  the  nuclear  cross  sections  set  equal  to  zero  will  be  considered.* 


The  basis  of  the  method  is  the  assumption  that  the  stopping  power  of 


any  material  may  be  approximated  by  the  expression 
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(3,51) 


where  a^  and  b^  are  constants  that  depend  on  both  the  material  and  the  type 
of  particle  and  h^  is  a constant  that  depends  on  the  type  of  particle  but  is 
independent  of  the  type  of  material .T  The  validity  of  expressions  such  as 


that  given  by  Eq.  3.51  is  discussed  later  in  this  report.  In  this  section, 
only  the  manner  in  which  analytic  expressions  such  as  that  given  in  Eq.  3.51 


can  be  used  to  simplify  shielding  calculations  will  be  considered. 


*A  discussion  of  the  manner  in  which  nuclear  cross  sections  may  be  included 

is  given  in  Ref*  77. 

**This  expression  was  introduced  by  Burrell  in  Ref.  77.  A somewhat  simpler 
expression  had  previously  been  used  in  similar  calculations  by  Madey.76 

TXn  principle,  the  method  described  here  may  also  be  applied  if  h.  is  de- 
pendent on  the  material.  Since,  however,  the  code  of  Hill  et  a Zr,78  which 
makes  extensive  use  of  the  method,  requires  that  h.  be  independent  of 
material,  this  assumption  will  be  made  here.  ** 

76.  Richard  Madey,  "A  Useful  Formula  for  Calculating  Space  Proton  Dose 
Rates,11  Trans.  Am.  Nucl,  Soc.  60  (1),  194  (1963). 

77.  M.  0.  Burrell,  "The  Calculation  of  Proton  Penetrations  and  Dose  Rates," 
George  C.  Marshall  Space  Flight  Center  Report  NASA  TM  X-53063,  1964. 

78.  C.  W.  Hill,  W.  B.  Ritchie,  and  K.  M.  Simpson,  "Dose  Calculations  in 
Space  Vehicles,"  Lockheed-Georgia  Company  Report  ER-7777,  Vol.  II,  1965. 
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The  method  will  be  explained  by  applying  it  to  the  equations  of  Sec- 
tion 3.4  for  the  geometry  shown  in  Fig.  3.1.  The  essential  point  of  stopping 
powers  of  the  form  of  Eqs.  3.51  is  that  Eqs.  3.24  and  3.25  may  be  integrated 
to  give 


a 


Ss  - 


Sj 


r . -TJL 

T 2bTj 


"1 

+ 2bg.  E 2) 


+ 2b  E 3) 


*3 


(3,52) 


(3,53) 


and  these  equations  may  be  solved  to  give 
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Furthermore,  differentiation  of  Eq.  3.54  gives 
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and  then  using  Eq.  3.28  the  flux,  Eq.  3.35,  may  be  expressed  as 
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where  E.  in  is  to  be  obtained  from  Eq.  3.54.  Thus,  by  means  of  the 
1 jo 

analytic  stopping^power  expressions  the  flux  may  be  expressed  analytically 
provided  the  incident  flux  is  known  analytically.  The  dose  calculations, 
expressed  by  Eqs,  3.17  and  3.18,  must  still  in  general  be  carried  out  numer- 
ically. In  the  special  case  of  an  incident  spectrum  that  is  describable  as 
a power  law  in  energy,  the  absorbed-dose  integral  can  be  expressed  in  terms 
of  incomplete  beta  functions.77*78 

The  advantage  of  the  method  for  geometries  that  are  much  more  complex 
than  that  shown  in  Fig.  3.1  is  that  Eq.  3.54  may  be  generalized,  and  the 
flux  per  unit  energy  at  a point  inside  the  spacecraft  may  be  obtained  in 
analytic  form  even  when  the  radiation  incident  along  a given  direction  passes 
through  a very  complex  sequence  of  thicknesses  of  different  materials.  Since 
the  integrations  in  Eqs.  3.17  and  3.18  must  still  be  carried  out  numerically, 
the  calculations  required  to  obtain  the  absorbed  dose  and  dose  equivalent 
at  a point  inside  a complex  shield  are  rather  formidable  even  when  the  ap- 


proximation method  discussed  in  this  section  is  employed.  The  fact  that  the 


absorbed-dose  integral  may  be  expressed  in  terms  of  incomplete  beta  functions 
in  the  case  when  the  incident  spectrum  is  represented  as  a power  law  in 
energy  is  extensively  exploited  in  Ref.  78. 
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Chapter  4 


PHYSICAL  DATA 


In  order  to  carry  out  the  numerical  evaluation  of  the  particle  fluxes 
and  doses  discussed  in  Chapter  3,  it  is  necessary  to  have  numerical  values 
for  the  various  physical  quantities,  i.e.,  stopping  powers,  cross  sections, 
etc.,  which  appear  in  the  equations.  The  ultimate  validity  of  the  calcu- 
lated results  is  dependent  not  only  on  the  accuracy  of  the  approximations 
made  in  deriving  the  equations  but  is  also  dependent  on  the  accuracy  of  the 
data  used  in  the  calculations.  In  this  chapter,  the  data  available  for  use 
in  space-shielding  calculations  are  discussed  and  the  data  used  in  the  later 
calculations  in  this  report  are  described. 


4.1  ENERGY  LOSS  PER  UNIT  DISTANCE  AND  RANGE  OF  PROTONS  IN  MATTER 


The  energy  loss  per  unit  distance  of  heavy  charged  particles  in  matter 
has  been  the  subject  of  much  experimental  and  theoretical  research  for  many 
years  and  is  a well-understood  phenomenon.63  There  are  three  recent  ex- 


tensive tabulations  of  stopping-power  and  range  data  for  protons79"81  suit- 
able for  use  in  space-shielding  calculations.  In  the  report  of  Janni,79 
the  proton  stopping  power  is  tabulated  for  energies  between  0.1  and  1000  MeV 
for  46  elements  and  26  materials..  In  the  report  of  Hill  et  at.  ,80  the  pro- 
ton stopping  power  is  given  in  the  energy  range  1 to  105  MeV  for  55  materials, 

79  * "Calculations  of  Energy  Loss,  Range,  Pathlength,  Straggling, 

Multiple  Scattering,  and  the  Probability  of  Inelastic  Nuclear  Colli- 
sions for  0.1  to  1000-MeV  Protons,”  AFWL-TR-65-150,  1966. 


80.  C.  W.  Hill,  W.  B.  Ritchie,  and  K.  M.  Simpson,  "Data  Compilation  and 

Evaluation  of  Space  Shielding  Problems,  Range,  and  Stopping  Power  Data,” 
Lockheed-Georgia  Company  Report  ER-7777,  Vol.  I,  1965. 


81. 


W.  H,  Barkas  and  M.  J. 
Heavy  Charged  Particles 


Berger,  "Tables  of  Energy  Loss  and  Range  of 
,"  NASA  SP-3013,  1964. 
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and  in  the  work  of  Barkas  and  Berger,81  the  stopping  power  is  given  in  the 
energy  range  1 to  5000  MeV  for  a large  variety  of  elements  and  materials. 

The  physical  parameters  that  enter  into  the  calculations,  represented  by 
these  tabulations,  are  slightly  different,  but  the  basic  methods  of  calcu- 
lation are  similar.  In  Tabic  4.1  results  from  the  three  tabulations  are 
compared  for  several  materials,  and  the  three  calculations  are  in  reasonable 
agreement.  There  are  significant  differences  at  the  lower  energies  and  the 
polyethylene  results  of  Hill  et  al . are  slightly  lower  than  those  of  the 
other  authors.  In  general,  the  differences  shown  in  Table  4.1  would  not 
have  any  appreciable  effect  on  shielding  calculations. 

The  proton  stopping  power  is  shown  in  Fig.  4.1  as  a function  of  proton 
kinetic  energy  for  copper,  aluminum,  polyethylene,  and  tissue.  The  data 
are  taken  from  Ref.  79  below  1000  MeV  and  from  Ref.  81  above  1000  MeV.  In 
general,  it  is  to  be  expected  that  the  larger  the  stopping  power  the  more 
effective  the  shield,  and  thus  Fig.  4.1  indicates  that  on  a g-cm”2  basis 
polyethylene  is  a more  effective  shield  than  either  aluminum  or  copper. 

The  calculated  doses  presented  later  in  this  report  show  this  to  be  the  case. 
The  stopping-power  curves  for  all  materials  have  the  same  general  shape. 

This  is  of  some  importance  since  it  is  the  basis  of  the  equivalent-thickness 
approximation.  It  should  also  be  noted  that  the  stopping  powers  of  all 
materials  become  very  large  at  the  lower  energies.  This  will  be  very  sig- 
nificant later  when  the  shape  of  a proton  spectrum  as  it  penetrates  a shield 


is  considered. 


TABLE  4.1 

Proton  Stopping  Power  as  a Function  of  Energy 


i 

I 


Proton 

Energy 

(MeV) 

Stopping  Power  j 

MeV  | 

g/cm2 j 

Polyethylene 

Aluminum 

Copper 

Janni79 

Hill  et  al .80 

Barkas  & 
Berger81 

Janni79 

Hill  et  al. 

Barkas  & 
,80  Berger61 

Janni79 

Hill  et  al.* 0 

Barkas  & 
Berger81 

0.5 

484.36 

457.24 

251.99 

255.92 

167.45 

177.41 

1.0 

294.19 

284.49 

174.02 

173.72 

121.60 

126.16 

2.0 

176.95 

172.11 

182.47 

110.82 

110.30 

112.40 

80.408 

82.165 

83.224 

10.0 

49.744 

48.782 

49.555 

33.965 

33.912 

33.796 

27.123 

27.375 

27.315 

50.0 

13.375 

13.169 

13.356 

9.6250 

9.6281 

9.6226 

8.1076 

8.1375 

8.1474 

100.0 

7.8026 

7.6918 

7.7938 

5.6952 

5.6960 

5.6963 

4.8636 

4.8824 

4.8839 

200.0 

4.7946 

4.7312 

4.7899 

3.5388 

3.5379 

3.5402 

3.0530 

3.0611 

3.0636 

400.0 

3.2262 

3.1886 

3.2257 

2.4041 

2.4023 

2.4064 

2.0921 

2.0939 

2.0973 

600.0 

2.7118 

2.6862 

2.7152 

2.0311 

2.0310 

2.0295 

1.7763 

1.7767 

1.7809 

800.0 

2.4694 

2.4484 

2.4649 

1.8562 

1.8562 

1.8562 

1.6306 

1.6270 

1.6340 

1000.0 

2.3361 

2.3160 

2.3260 

1.7607 

1.7617 

1.7611 

1.5528 

1.5460 

1.5487 

2000.0 

2.1094 

2.1131 

1.6325 

1.6258 

1.4345 

1.4394 

5000.0 

2.1159 

2.1248 

1.6807 

1.6668 

1.4781 

1.4882 

t 


l 

t 

r 
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PROTON  STOPPING  POWER  (MeV  q-<  cm 


Fig.  4.1,  Proton  stopping  power  vs  energy  in  various  materials. 
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A quantity  which  is  very  useful  in  discussing  charged-part ic le  shielding 
ar.d  which  is  very  closely  related  to  the  stepping  power  is  the  range  of  a 
proton  in  matter.6'  The  range  of  a pat  tide  of  a given  kinetic  energy  in 
a specific  material  is  defined  to  be  the  distance  the  particle  will  travel 
before  losing  all  of  its  energy.  In  the  continuous  slowing-dovn  approximation, 
the  range  of  a proton  with  kinetic  energy  K may  be  written  as 


E 


<E)  - / 
o 


dE* 


(E‘) 


(4.1) 


where 


R^p(E)  * the  range  of  a proton  with  kinetic  energy  E in  a 
material  denoted  by  the  subscript  A. 

References  79,  80,  and  81  give  tabulations  of  the  proton  range  over  the  same 
energy  intervals  and  for  the  same  materials  for  which  the  stopping  powers 
are  given.  In  none  of  the  tabulations  is  the  stopping  power  at  the  very  low 
energies  given,  and  therefore,  in  principle,  the  integral  in  Eq.  4.1  over 
the  entire  energy  range  cannot  be  evaluated.  To  overcome  this  difficulty, 
Eq.  4.1  is  rewritten  in  the  form 


(E) 


RAp(EL> 


/ 

E. 


dE 


SA  (E*) 

Ap 


(4.2) 


where  R^ (E^)  is  the  range  of  a proton  with  some  very  low  energy  E^  and  the 
quantity  RAp(EL>  is  determined  empirically  (see,  for  example.  Ref.  79). 

The  range  of  protons  in  copper,  aluminum,  polyethylene,  and  tissue  is 
shown  in  Fig.  4.2  as  a function  of  proton  kinetic  energy.  The  data  below 
1000  MeV  are  taken  from  the  work  of  Janni79  and  the  data  above  1000  MeV  are 
taken  from  the  work  of  Barkas  and  Berger.81  The  significant  point  to  be  noted 


F 'Me/) 


Fig.  4.2.  Proton  range  vs  energy  in  various  materials 
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I*  that  the  rang*  decreases  rapidly  its  the  proton  energy  dterMsts,  If  a 
shield  of  « given  thickness  in  g c#T*  is  considered,  one  can  determine  im~ 
mediately  from  the  range- vs~energy  corves  the  lowest  energy  incident  par- 
ticle that  can  penetrate  the  shield. 

4.2  mm  toss  pm  uni?  distance  and  range 

OF  ALPHA  FARHOUBS  IN  MATTER 


The  energy  loss  per  on it  distance  and  range  may  he  calculated  for 
alpha  particles  in  much  the  same  manner  as  for  protons.6'1  Bill  et  al*m 
carried  out  the  computations  and  tabulated  the  stopping  powers  and  ranges 
of  alpha  particles  in  the  energy  range  2 to  10s  HeV  for  55  materials. 

The  stopping  power  of  matter  for  alpha  particles  may  also  be  obtained 
to  a good  approximation  directly  from  proton  stopping— power  data  for  alpha- 
particle  energies  above  a few  HeV,*  The  expression  for  the  stopping  power 


of  a particle  of  type  j in  a specific  material  may  be  written63 


VE>  * *1  fA<VJ>  • 

where 


(4.3) 


* j * the  charge  of  a particle  of  type  j, 

Vj  * the  velocity  of  a particle  of  type  j, 

and  the  function  f^(vj)  is  independent  of  the  charge  and  mass  of  the  particle 
of  type  j.  Therefore,  since  zp  « 1, 


where 


SAa<E> 


’£  SA 

a Ap 


9 


(4.4) 


*The  stopping  powers  for  heavy  nuclei  (atomic  weight  > 4),  such  as  those 

that  occur  in  galactic  cosmic  rays,  may  also  be  obtained  by  the  methods 
described  here. 


wy.^ 


'•,«^V~W£***  ?••••„  ^,^S9fc. u-.»fc - -i  . Atm-sMSi*:  • vl  4.. > -■  -ttfn.xxw^.4. „,»*«:  jm^^**#* «*..* 
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H « the  rest  energy  of  elm  proton. 


* th®  *****  energy  of  the  alpha  particle* 

ftt  alpha-particle  kinetic  energies  above  a few  *«v,  the  alpha  particles  may 

be  assuned  to  be  completely  ionised  so  ^ » 2 and  Eq.  4,4  may  be  used.  At 

energies  below  a few  HeV,  the  average  charge  of  an  alpha  particle  as  it  slow* 

down  is  < 2;  i.e.,  an  alpha  particle  at  these  lower  energies  continually 

picks  up  and  loses  electrons,  and  a correction  for  this  continual  change  in 
charge  muse  be  made. 

One  method  of  obtaining  stopping-power  data  for  alpha  particles  in 
this  lower  energy  range  is  to  assume  that  the  shape  of  the  stopping-power 
curve  as  a function  of  energy  is  independent  of  material  and  to  scale  the 
measured  data  for  some  standard  element  to  agree  with  the  results  given  by 
Eq.  4.4  at  some  energy  sufficiently  high  that  Eq.  4.4  may  be  assumed  to  be 
valid*  The  measured  alpha-particle  stopping  powers  for  several  materials 
given  in  the  article  by  Northcliffe®2  somewhat  justifies  the  assumption 
that  the  shape  of  the  stopping-power  curve  as  a function  of  energy  at  low 
energies  does  not  depend  strongly  on  material.  To  obtain  low-energy  stopping- 
power  data  for  alpha  particles  for  use  in  the  calculations  that  are  reported 
later  in  this  report,  the  measured  alpha-particle  stopping-power  curve  in 
aluminum,  as  given  by  Northclif fe,*2  will  be  used  and  for  all  materials  will 
be  renormalized  to  agree  with  the  results  of  Eq.  4.4  at  8 MeV. 


*This  is  much  the  same  assumption  that  is  used  in  the  equivalent-thickness 

approximation  (see  Eq.  3.40),  but  it  is  being  used  here  only  over  av™T 
narrow  energy  range.  y 
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y*  N°fthc}lffe»  Passage  of  Heavy  Ions  Through  Hatter,"  Appendix  B 
in  Studies  in  Penetration  of  Charged  Particles  in  Matter,"  Nuclear 
Science  Series  Report  No.  39,  National  Academy  of  Sciences,  National 
Research  Council  Publication  1133. 
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The  energy  loss  per  unit  distance  of  alpha  particles  in  copper,  aluminum, 
polyethylene,  and  tissue  is  shown  in  Fig,  4.3  as  a function  of  energy.  The 
solid  curves  show  the  results  obtained  by  the  method  just  discussed  and  the 
plotted  points  are  from  the  compilation  of  Hill  et  al.B0  The  two  different 
calculations  are  in  good  agreement  at  most  energies,  but  there  are  slight  dif- 
ferences at  2 MeV. 


The  alpha-particle  stopping-power  curves  have  the  same  general  shape  as 
do  the  proton  stopping-power  curves.  It  should  be  noted  that  at  the  lower 
energies  (<  0,5  MeV)  the  alpha-particle  stopping  power  decreases  with  de- 

u 

creasing  energy.  A similar  decrease  in  the  proton  stopping  power  occurs  but 
at  energies  of  < 0.1  MeV,  so  it  is  not  shown  in  Fig.  4.1. 

The  range  of  alpha  particles  may  be  calculated  from  the  stopping  power 
in  the  same  manner  as  for  protons;  that  is. 


R.  (E)  * / --  — yr , v 
Aa  ' SA  (E1) 

o Aa'  7 


(4.5) 


RAa(EL)  + l S.^(E') 


(4.6) 


EL  A“ 


where 


R^a(E)  * the  range  of  an  alpha  particle  with  kinetic  energy  E in 
a material  denoted  by  the  subscript  A, 

and  is  some  low  energy  below  which  the  range  must  be  determined  empirically. 
Alpha-particle  ranges  in  copper,  aluminum,  polyethylene,  and  in  tissue  from 
the  compilation  of  Hill  et  aZ,BB  are  shown  in  Fig.  4.4  as  a function  of  energy. 
The  significant  point  to  note  is  that  the  alpha-particle  range  becomes  very 
small  at  low  alpha-particle  energies. 
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Fig.  4.3.  Alpha-particle  stopping  power  vs  energy  in  various  material 
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If  E^  in  Eq.  4.6  is  taken  to  be  sufficiently  large  that  Eq. 


4.4  is 


valid,  then  Eqs.  4.2,  4.4,  and  4.6  may  be  combined  to  give 


! M 

RA  (E)  - Ra  (e t ) * -i — SL 
Aa'  Act  1/  o M 

z4  p 
a v 


t M . 

R.  j E 

M i 

- 

- R 

-E.  E 1 

L*K  / 

Ap 

«0  L, 

(4.7) 


Equation  4.7  relates  the  alpha-particle  and  proton  ranges.  The  relation  is 


* * * w • 1UC  ICICHIUII  AS 

complicated  by  the  presence  of  and  R ( E j,  but  these  quantities 

, _ M a / 

are  not  large  for  small  values  of  E^,  so  over  a large  energy  range,  i.e.. 


E » E^»  the  relation 


1 M<*  \ 

RAa(E)  * ~7  VRApl^T  Ej 
z p ' a • 
a 


(4.8) 


may  be  used 


4.3  VALUES  OF  FOR  USE  IN  THE  EQUIVALENT-THICKNESS  APPROXIMATION 

The  basic  assumption  of  the  equivalent— thickness  approximation  is  that 
given  in  Eq.  3.40;  i.e.. 


VE) 

2S 


ACj  SCj(E)  • 


(4.9) 


For  the  approximation  to  be  usable,  KA(,  must  be  independent  of  energy  for 


all  materials  of  interest  and  for  some  specific  choice  of  the  standard  mater- 
ial denoted  by  the  subscript  C.  The  extent  to  which  Eq.  4.9  may  be  satis- 


fied, as  well  as  appropriate  values  of  KA  , is  considered  in  this  section. 


It  is  clear  that  Eq.  4.9  is  satisfied  exactly  with  K equal  to  unity 

ACj 


if  the  materials  A and  C are  the  same,  so  for  application  to  a specific  com- 
plex shield  the  standard  material  should  be  chosen  to  be  the  material  that 
is  most  prevalent  in  the  shield.  In  most  complex  shields,  however,  there 
are  many  materials  present,  so,  in  general,  Eq.  4.9  must  be  used  for  many 


i i 

4 
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materials  with  one  specific  choice  of  the  standard  material.  With  this  in 

mind,  aluminum  will  be  used  as  the  standard  material  throughout  the  re- 
mainder of  this  report. 


The  ratios  of  the  proton  stopping  power  in  copper,  polyethylene,  and 
tissue  to  the  proton  stopping  power  in  aluminum  is  shown  in  Fig.  4.5  as  a 
function  of  energy.  The  data  used  in  obtaining  the  ratios  shown  in  the 
figure  are  the  data  given  in  Fig.  4.1.  To  satisfy  exactly  Eq.  4.9,  the 
curves  in  Fig.  4.5  would  have  to  be  constant  in  energy,  and  this  is  clearly 
not  the  case.  On  the  other  hand,  the  major  variation  occurs  below  10  MeV, 
and  because  of  the  large  low-energy  stopping  power  (see  Fig.  4.1),  this  is 
not  an  important  energy  region  for  space-shielding  purposes.  Furthermore, 
because  of  the  small  number  of  high-energy  protons  in  both  solar-flare  and 


Van  Allen  belt  spectra  (see  Chapter  2),  the  high-energy  region  (^  500  MeV) 
is  not  of  overwhelming  importance  in  calculating  the  dose.  In  the  intermediate 
energy  region  that  is  of  importance,  the  curves  in  Fig.  4.5  are  not  varying 
rapidly,  and  each  may  reasonably  be  approximated  by  a constant.  The  exact 
value  to  be  used  to  obtain  the  best  results  is  not  clear  and  will  depend  to 
some  extent  on  the  shield  thickness.  The  calculated  results,  which  are  pre- 
sented later  in  this  report  (see  Section  6.4),  indicate  that  a reasonable 
choice  of  is  the  ratio  of  the  stopping  powers  at  50  MeV;  i.e.. 


K 


A,A£, p 


VE) 


lWe). 


(4.10) 


'E  = 50  MeV 

It  should  be  noted  that  the  value  of  the  energy  at  which  the  ratio  is  eval- 
uated to  define  may  be  taken  to  be  a function  of  A,  if  this  is  found 


desirable. 


£"(MeV) 


Fig.  4.5.  Ratios  of  proton  stopping  power  in  various  materials  to  the 
proton  stopping  power  in  aluminum  vs  energy. 
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The  ratios  of  the  alpha-particle  stopping  power  in  copper,  polyethy- 
lene, and  tissue  to  the  alpha-particle  stopping  power  in  aluminum  are  shown 
in  Fig.  4.6  as  a function  of  energy.  The  data  used  in  obtaining  the  ratios 
are  the  data  shown  by  the  solid  curves  in  Fig.  4.3.  Below  8 MeV,  the  ratios 
shown  in  the  figure  are  constant  in  energy  because  of  the  approximate  man- 
ner in  which  the  data  in  this  energy  region  were  obtained.  Above  8 MeV, 
the  ratios  are  not  constant,  so  Eq.  4*9  cannot  be  satisfied  exactly  for 


alpha  particles.  With  alpha  particles,  as  with  protons,  the  very  low  and 
very  high  energy  regions  are  of  less  importance  in  shielding  calculations 
than  is  the  intermediate-energy  region,  and  therefore  the  approximate  con- 


stant value  of  ^ a should  be  chosen  to  correspond  to  the  stopping-power 

ratio  in  the  intermediate-energy  region.  The  exact  value  of  K. „ , which 

ACor 

will  give  the  best  results,  will  depend  to  some  extent  on  shield  thickness, 

but  the  calculated  results  that  are  presented  later  in  this  report  (see 

Section  6.4),  indicate  that  a reasonable  choice  of  K.  . „ is  the  ratio  of 

A,  A A,  a 

the  stopping  powers  at  150  MeV;  i.e.. 


K 


A,  Ail,  a 


sm(e> 


WE> 


-■E  - 150  MeV 


(4.11) 


ALPHA  PARTICLE  STOPPING  POWER  RATIOS 


A. 6.  Ratios  of  alpha-particle  stopping  power  in  various  materials 
to  the  alpha-particle  stopping  power  in  aluminum  vs  energy. 
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4.4  ANALYTIC  REPRESENTATION  OF  THE  ENERGY  LOSS  PER  UNIT 
DISTANCE  OF  PROTONS  AND  ALPHA  PARTICLES  IN  MATTER 


To  apply  the  approximation  method  described  in  Section  3.6,  it  is  neces- 
sary to  represent  the  stopping  powers  of  both  protons  and  alpha  particles 
in  all  materials  of  interest  in  the  form 


VE)  = ifn  tE  hj  + 2V  • 


• A • “ • 

Aj  J 


(4.12) 


With  this  form  of  the  stopping  power,  the  range  may  be  written 


a 


h. 


RAj(E)  "2b^^(1+2bAj  E j) 


(4.13) 


If  it  is  assumed  that  Eq.  4.12  is  valid  even  at  zero  energy. 

Hill  et  aim  80  have  given  sets  of  parameters  for  use  in  Eqs.  4.12  and 
4.13  which  represent  their  calculated  stopping-power  and  range  data  over  the 


energy  range  10  to  1200  MeV.  The  sets  of  parameters  for  protons  and  alpha 
particles,  respectively,  for  polyethylene,  tissue,  aluminum,  and  copper  are 
shown  in  Tables  4.2  and  4.3.  The  maximum  error  given  in  the  tables  is  the 
maximum  error  between  the  range  value  given  by  Eq.  4.13  and  the  tabulated 
range  for  energies  between  10  and  1200  MeV.  For  each  material  several  val- 
ues of  hj  have  been  considered,  and,  as  indicated  in  the  tables,  the  maxi- 
mum error  may  be  reduced  if  the  appropriate  value  of  h„  with  the  correspond- 
ing  aAj  and  bAJ  are  used  for  each  material.  To  apply  the  method  described 
in  Section  3.6  to  a complex  shield  containing  many  materials,  it  is  neces- 
sary to  choose  a single  value  of  h^  for  all  materials,  and  therefore  it  is 
necessary  to  use  an  h^  value  that  is  nonoptimum  for  many  of  the  materials.* 

*It  is  not  necessary  that  the  value  of  h which  occurs  in  the  tissue  stop- 
ping power  in  the  dose  integrals  be  theJsame  as  the  value  of  h used  in 
the  flux  calculation.  j 
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TABLE  4.2 

Parameters  in  Analytic  Expression  for  Proton  Stopping  Power 

and  Range  in  Various  Materials 


Maximum 
b % Error 


Polyethylene 


1.700 

2.5629399 

X 

10"  3 

9.6373122 

X 

GO 

1 

o 

i-H 

15.15 

1.725 

2.3544716 

X 

10"3 

6.3069271 

X 

10”7 

11.36 

1.750 

2.1833397 

X 

10“3 

1.5483591 

X 

10“6 

7.51 

1.775 

1.9948323 

X 

10”3 

1.8089785 

X 

10"6 

4.05 

1.800 

1.8093624 

X 

10"3 

2.1137309 

X 

10”  6 

2.66 

1.825 

1.6283789 

X 

10“  3 

2.2156770 

X 

10"6 

4.86 

Tissue 

1.700 

2.7609269 

X 

10"  3 

2.3786870 

X 

10"7 

14.38 

1.725 

2.5363768 

X 

10"  3 

7.8500710 

X 

10"  7 

10.60 

1.750 

2.3566435 

X 

10"  3 

1.6768516 

X 

10“6 

6.57 

1.775 

2.1544199 

X 

10"3 

2.0318594 

X 

10"6 

3.19 

1.800 

1.9328651 

X 

10"  3 

2.1622699 

X 

10"6 

2.79 

1.825 

1.7666101 

X 

10“3 

2.5021080 

X 

h-» 

O 

1 

<x> 

5.69 

Aluminum 


1.700 

3.7050121 

X 

10"  3 

7.8273580 

X 

10"7 

9.67 

1.725 

3.3797255 

X 

10"  3 

1.2831189 

X 

10"  6 

6.27 

1.750 

3.0971024 

X 

10"3 

2.0380825 

X 

10"6 

2.94 

1.775 

2.7938117 

X 

10"  3 

2.3455097 

X 

10"  6 

2.36 

1.800 

2.5521315 

X 

10"3 

2.7379606 

X 

10"6 

5.30 

1.825 

2.3212658 

X 

10’3 

2.9244198 

X 

10"6 

8.39 

Copper 

1.700 

4.5399383 

X 

10"  3 

1.5089631 

X 

10”6 

5.47 

1.725 

4.1317101 

X 

10"  3 

2.2296185 

X 

10"6 

2.59 

1.750 

3.7512870 

X 

10"  3 

2.6490541 

X 

10"6 

2.37 

1.775 

3.4475860 

X 

10"  3 

3.1833481 

X 

10-6 

5.38 

1.800 

3.1503032 

X 

10"  3 

3.4521199 

X 

10"6 

8.92 

1.825 

2.8947234 

X 

10"  3 

4.0209618 

X 

o 

1 

cr> 

12.06 
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TABLE  4.3 

Parameters  in  Analytic  Expression  for  Alpha-Particle 
Stopping  Power  and  Range  in  Various  Materials 


h 

a 

b 

Maximum 
% Error 

1.700 

Polyethylene 

2.8626810  x 10~4  1.3814511  x 10”8 

39.19 

1.725 

2.4161725  x 10”4 

9.0784292  x io’10 

24.02 

1.750 

2.0096030  x i(T4 

1.2502988  x 10"8 

12.34 

1.775 

1.6996862  x 10“4 

1.1338430  x i(T8 

3.79 

1.800 

1.5594513  x io"4 

3.4233760  x io"7 

4.28 

1.825 

1.4398543  x 10”4 

7.4053385  x 10“7 

6.79 

1.700 

Tissue 

3.0455545  x i(T4 

6.9402984  x io"9 

34.14 

1.725 

2.5648746  x IO”4 

3.2738317  x io-8 

20.77 

1.750 

2.1542266  x 10”4 

6.5164801  x 10“9 

9.56 

1.775 

1.8668739  x io”4 

4.9534441  x io"8 

3.68 

1.800 

1.7284493  x io”4 

6.2641855  x IO”7 

5.96 

1.825 

1.5744799  x io“4 

9.9299856  x io”7 

8.92 

1.700 

Aluminum 
3.8442287  x io-4 

1.9668971  x io-8 

19.21 

1.725 

3.1865129  x io“4 

2.0284722  x ].o”8 

7.81 

1.750 

2.8722918  x 10“4 

2.8692487  x io”7 

7.66 

1.775 

2.6730275  x io”4 

1.2048697  x io”8 

10.45 

1.800 

2.4074630  x io’4 

1.3529143  x 10“6 

13.14 

1.825 

2.2340503  x io"4 

1.8300810  x io”6 

17.21 

1.700 

Copper 

4.3893883  x io”4 

3.8383463  x io”7 

7.44 

1.725 

4.0957925  x 10”4 

1.0648550  x 10“8 

9.93 

1.750 

3.7481452  x io”4 

1.6589254  x 10"6 

12.29 

1.775 

3.4233624  x io*4 

1.9068543  x io”6 

15.51 

1.800 

3.0521998  x l(T4 

2.0804788  x io"8 

18.95 

1.825 

2.8167787  x 10'4 

2.4912431  x io”8 

21.72 

r^r. - ■•1  ■ } ■ * -•  *--*  ■**■  * . *'  ’■<*  ■'  - '■I***'*  ^ W 
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With  this  in  mind,  a single  value  of  h.  for  all  materials  will  be  used  in 

J 


the  subsequent  calculations.  From  Table  4.2  a reasonable  value  of  h for 

P 


the  four  materials  shown  would  seem  to  be  1.775  since  this  is  optimum  for 
aluminum  and  near  optimum  for  the  other  materials.  In  all  subsequent  cal- 


culations, hp  - 1.775  will  be  used.  From  Table  4.3  a reasonable  value  of 


hct  for  the  four  materials  shown  would  seem  to  be  1.775  since  this  value  is 
optimum  for  polyethylene  and  tissue  and  near  optimum  for  aluminum.  It 
should  be  noted,  however,  that  this  value  is  far  from  optimum  for  copper. 


In  subsequent  calculations,  h =1.775  will  be  used. 

ot 


The  proton  and  alpha-particle  stopping  powers,  respectively,  in  copper, 
aluminum,  polyethylene,  and  tissue  are  shown  in  Figs.  4.7  and  4.8  as  a 
function  of  energy.  The  solid  curves  are  the  same  as  those  shown  in 
Figs.  4.1  and  4.3,  the  plotted  points  were  obtained  from  Eq.  4.12  with 

hp  = ha  = 1«775»  and  tha  corresponding  a's  and  bfs  were  obtained  from 
Tables  4.2  and  4.3.  In  both  figures,  the  values  from  Eq.  4.12  represent 
the  curves  rather  well  in  the  energy  region  of  10  to  1200  MeV  that  was  used 
in  obtaining  the  parameters.  Outside  of  this  energy  range,  however,  the 
plotted  points  show  significant  deviations  from  the  solid  curves.  It  should 
be  noted  that  in  Fig.  4.8  the  plotted  points  for  aluminum  and  copper  deviate 
from  the  solid  curves  even  in  the  energy  range  of  10  to  1200  MeV.  This  is 


because  the  parameters  used,  i.e.,  ha  = 1.775,  are  not  the  best  choices  for 


aluminum  and  copper  as  indicated  by  the  error  column  in  Table  4.3.  In  sub- 


sequent sections  of  this  report,  the  errors  in  the  shielding  calculations 
that  result  from  using  the  analytic  stopping-power  data  shown  in  Figs.  4.7 
and  4.8  are  evaluated.  These  errors  are  found  to  be  small  in  the  case  of 


protons  but  excessive  in  the  case  of  alpha  particles. 


J 

I 


, i .3 

* a j 
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PROTON  STOPPING  POWER  (MeV*cm2/g) 


ENERGY  (MeV) 


Fig.  4.8.  Alpha-particle  stopping  power  vs  energy  in  various  materials 
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An  alternate  procedure  to  using  the  alpha-particle  analytic  stopping- 
power  parameters  of  Hill  et  at,88  is  to  obtain  alpha— particle  parameters 
from  the  proton  parameter  of  Hill  et  at.80  by  means  of  Eq.  4.4.  If  the 
stopping-power  expressions,  Eq.  4.12,  for  protons  and  alpha  particles  are 
substituted  into  Eq.  4.4,  one  obtains  the  equation 


-h 


a.  h 
Aa  a 


[E 


a 


+ 2b.  ] 
Aa 


a 


M 

-R 

M , 
a ' 


1-h 


-h 


aA  h 
Ap  p 


[E 


+ 2 


-h 

M * P 


a 


M 


b AJ 


Ap 


(4.14) 


which  may  be  satisfied  for  all  values  of  E if  hA  , aft  , and  bft  are  defined 
by  the  equations 


h = h 
a p 


(4.15) 


Aa 


a 


1-h 

/ M \ P 


a 


M 

v p/ 


Ap 


(4.16) 


Aa 


-h 

M \ p 


«p 


(4.17) 


Equations  4.15  to  4.17  determine  the  alpha-particle  parameters  in  terms  of 
the  proton  parameters  for  any  given  material.  The  parameters  obtained  from 
Eqs.  4.15  to  4.17  are  not  at  all  the  same  as  those  given  by  Hill  et  al . 80  for 
alpha  particles.  The  alpha-particle  stopping  power  for  copper,  aluminum, 
polyethylene,  and  tissue  is  shown  as  a function  of  energy  in  Fig.  4.9.  The 
solid  curves  are  the  same  as  those  in  Figs.  4.3  and  4.8,  and  the  plotted 
points  were  obtained  from  Eq.  4.12  with  the  parameters  obtained  from  Eqs.  4.15 


to  4.17  and  the  proton  parameters  corresponding  to  h^  = 1.775.  In  Fig.  4.9 
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the  plotted  points  are  in  good  agreement  with  the  solid  curves  at  all  en- 
ergies above  ~ 10  MeV.  In  particular,  it  should  be  noted  that  the  agree- 
ment between  the  plotted  points  and  the  solid  curves  at  energies  > 1 GeV 
is  much  better  than  that  shown  in  Fig,  4,8.  In  subsequent  sections  of  this 
report,  it  is  shown  that  in  shielding  calculations  the  value  of  the  alpha- 
particle  stopping  power  at  energies  > 1 GeV  is  of  considerable  importance 
and  that  therefore  the  alpha-particle  stopping-power  parameters  given  by 

Eqs.  4.15  to  4.17  lead  to  much  more  reliable  results  than  those  given  in 
Table  4.3  from  Ref.  80. 

4.5  PROTON-NUCLEUS  COLLISION  CROSS  SECTIONS 

The  proton-nucleus  cross  sections  that  occur  in  the  equations  of  Chap- 
ter 3 were  defined  to  be  the  proton-nucleus  nonelastic  cross  sections  for 
nuclei  and  the  proton-proton  total  cross  section  in  the  case  of  hydrogen; 
i.e.,  elastic  collisions  with  nuclei  other  than  hydrogen  were  neglected, 
but  elastic  proton  collisions  with  hydrogen  were  assumed  to  remove  primary 
protons.  Of  course  when  secondary  particles  are  considered,  both  of  the 
protons  from  a proton— proton  collision  are  considered  as  secondary  particles. 

The  total  cross  section  for  proton-proton  collisions  a,s  a function  of 
energy  is  well  established  experimentally.  The  available  experimental  data 
have  recently  been  reviewed  by  Barashenkov,83  and  the  values  used  here  are 
taken  from  this  review. 

83.  V.  S.  Barashenkov,  "Interaction  Cross  Sections  of  Elementary  Particles," 
translated  from  Russian  by  Y.  Oren,  Department  of  Physics,  Tel  Aviv 
University,  Israel  Program  for  Scientific  Translation,  Jerusalem. 
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In  the  energy  range  25  to  3000  MeV,  the  nonelastic  cross  sections  for 
protons  incident  on  several  elements  have  been  calculated  by  Bertini. 84»85* 
The  calculated  cross  sections  are  in  reasonable  agreement  with  experimental 
data86 » 87  and  are  therefore  suitable  for  use  in  shielding  calculations. 
Calculated  data  are  available  for  many  of  the  elements  commonly  needed  in 
space-shielding  calculations.  Furthermore,  the  cross-section  values  do  not 
vary  rapidly  with  material,  and  values  for  elements  other  than  those  con- 
tained in  the  Bertini  calculations  can  readily  be  obtained  by  interpola- 
tion.88,89 


*AH  of  the  data  described  in  Refs.  84  and  85  are  available  on  request 

from  the  Radiation  Shielding  Information  Center  of  the  Oak  Ridge  National 
Laboratory. 

84.  K.  W.  Bertini,  "Results  from  Low-Energy  Intranuclear-Cascade  Calcula- 
tion," Nucl.  Phys.  87^,  138  (1968). 

85.  H.  W.  Bertini  and  M.  P.  Guthrie,  "Results  from  Medium-Energy  Intra- 
nuclear-Cascade Calculations,"  Nucl.  Phys.  A169,  670  (1971). 

86.  H.  W.  Bertini,  "Low-Energy  Intranuclear  Cascade  Calculations,"  Phys. 
Rev«  131,  1801  (1963);  with  erratum  Phys.  Rev,  138,  AB2  (1965). 

87.  H.  V7.  Bertini,  "Intranuclear-Cascade  Calculation  of  the  Secondary 
Nucleon  Spectra  from  Nucleon-Nucleus  Interactions  in  the  Energy  Range 
340  to  2900  MeV  and  Comparisons  with  Experiment,"  Phys.  Rev.  188. 

1711  (1969).  

88.  R.  G.  Alsmiiler,  Jr.,  M.  Leimdorfer,  and  J.  Barish,  "Analytic  Repre- 

sentation of  Nonelastic  Cross  Sections  and  Particle— Emission  Spectra 
from  Nucleon-Nucleus  Collisions  in  the  Energy  Range  25  to  400  MeV," 
Oak  Ridge  National  Laboratory  Report  CRNL-4046,  1967.  * 

89.  R.  G.  Alsmiiler,  Jr.  and  J.  Barish,  "NCDATA  - Nuclear  Collision  Data 
for  Nucleon-Nucleus  Collisions  in  the  Energy  Range  25  to  400  MeV," 

Oak  Ridge  National  Laboratory  Report  ORNL-4220,  1968.  * 
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In  Fig.  4.10  the  macroscopic  total  nuclear-collision  cross  sections 
for  copper,  aluminum,  polyethylene,  and  tissue  are  plotted  over  the  energy 
range  25  to  3000  MeV.  The^  composition  of  tissue,  shown  in  Table  4.4,  was 
taken  to  be  that  used  in  several  previous  calculations90”92  and  is  slightly 
different  from  that  used  by  Janni.79  The  cross  sections  are  not  rapidly 
varying  as  a function  of  energy.  The  increase  in  the  cross  section  in  the 
vicinity  of  300  to  400  MeV  is  due  to  the  fact  that  pion  production  becomes 
energetically  possible  in-  this  energy  region.  The  cross  sections  are  not 
zero  below  25  MeV,  but  for  shielding  purposes  they  may  be  neglected  at  the 
lower  energies  because  the  proton  stopping  power  is  sufficiently  large  at 
these  lower  energies  that  the  protons  will,  with  high  probability,  come  to 
rest  without  undergoing  a nuclear  collision.  A more  rigorous  way  of  making 
this  statement  is  that  at  energies  of  < 25  MeV  the  proton  range  is  very 
small  compared  to  the  mean  free  path  for  proton-nucleus  collisions,  i.e., 
compared  to  the  reciprocal  of  the  macroscopic  cross  section. 

90.  C.  D.  Zerby  and  W.  E.  Kinney,  "Calculated  Tissue  Current-to-Dose  Con- 
version Factors  for  Nucleons  Below  400  MeV,"  Nucl.  Instr.  Meth.  36, 

125  (1965). 

91.  D.  C.  Irving,  R,  G.  Alsmiller,  Jr.,  and  H.  S.  Koran,  "Tissue  Current- 
to-Dose  Conversion  Factors  for  Neutrons  with  Energies  from  0.5  to 

60  MeV,"  Nucl.  Instr.  Meth.  51,  129  (1967). 

92.  R.  G.  Alsmiller,  Jr.,  T.  W.  Armstrong,  and  W.  A.  Coleman,  "The  Ab- 
sorbed Dose  and  Dose  Equivalent  from  Neutrons  in  the  Energy  Range 
60  to  3000  MeV  and  Protons  in  the  Energy  Range  400  to  3000  MeV," 

Nucl.  Sci.  Eng.  42,  367  (1970). 
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TABLE  4.4 

Composition  of  Tissue 

Number  Density  of  Nuclei 
Element  (No.  cm"3) 

6.265  x io22 
9.398  x 1021 
1.342  x 1021 
2.551  x io22 
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4.6  ALPHA- PARTICLE-NUCLEUS  COLLISION  CROSS  SECTIONS 

The  alpha-particle-nucleus-collision  cross  sections  that  occur  in  the 
equations  of  Chapter  3 were  defined  in  the  same  manner  as  the  proton-nucleus 
cross  sections;  i.e.,  for  alpha-particle  collisions  with  nuclei  other  than 
hydrogen  the  collision  cross  section  was  defined  to  be  the  nonelastic  cross 
section,  and  for  alpha-particle  collisions  with  hydrogen  the  collision  cross 
section  was  defined  to  include  both  the  elastic  and  nonelastic  cross  sections. 

The  total  alpha-particle-proton-collision  cross  section  has  recently 
been  calculated  as  a function  of  energy  by  Barashenkov  and  Eliseev.93  These 
calculated  results  are  in  reasonable  agreement  with  the  experimental  data 
and  are  therefore  used  here. 

The  alpha-particle-nucleus  nonelastic  cross  sections  for  elements  other 
than  hydrogen  are  not  available  either  experimentally  or  theoretically,  and 
therefore  only  a relatively  crude  estimate  of  these  cross  sections  can  be 
made.  Here  it  will  be  assumed  that  the  nonelastic  cross  section  for  an 
element  other  than  hydrogen  can  be  approximated  by  the  geometric  expression* 

°A a “ * r|(Al/3  + A„/3)2  , (4.18) 

where 

A*  Aa  * the  atomic  weight  of  the  nucleus  and  alpha  particle, 
respectively,  and 
rQ  * 1.3  x 10" 13  cm. 

*See  the  review  article  by  Webber  in  Ref.  8. 

93.  V.  S.  Barashenkov  and  S.  M.  Eliseev,  "Interaction  Cross  Sections  of 
Nucleons  with  Helium,"  Joint  Institute  of  Nuclear  Research.  Dubna. 

Report  JINR-P2-4333,  1969. 


The  macroscopic  collision  cross  section  for  alpha  particles  in  several 
materials  is  shown  in  Fig.  4.11  in  the  energy  range  25  to  3000  MeV.  The  com- 
position of  tissue  is  that  used  in  Refs.  90-92  and  shown  in  Table  4.4.  The 
energy  variation  of  the  cross  section  in  the  case  of  polyethylene  and  tissue 
is  due  to  the  presence  of  hydrogen  since,  for  elements  other  than  hydrogen, 
the  cross  section  is  constant  by  assumption.  The  cross  sections  are  not  zero 
below  25  MeV,  but,  as  in  the  case  of  protons,  they  may  be  neglected  below 
this  energy  because  the  range  of  alpha  particles  of  25  MeV  and  less  is  small 
compared  to  the  mean  free  path  for  alpha-particle-nucleus  collisions;  i.e., 
alpha  particles  with  energies  of  25  MeV  and  less  will,  with  a very  high 
probability,  come  to  rest  without  undergoing  a nuclear  collision. 

4.7  QUALITY  FACTOR  AS  A FUNCTION  OF  ENERGY  LOSS 
PER  UNIT  DISTANCE  IN  TISSUE 

To  calculate  the  dose  equivalent,  it  is  necessary  to  specify  the  qual- 
ity factor  as  a function  of  energy  loss  per  unit  distance  in  tissue.  For 
radiation-protection  purposes,  the  quality-factor  recommendations  of  the 
International  Commission  on  Radiological  Protection72  are  usually  used,  and 
it  has  been  recommended  by  the  Radiological  Advisory  Panel  of  the  Committee 
on  Space  Medicine  of  the  National  Academy  of  Sciences,  National  Research 
Council,62  that  these  same  quality  factors  be  used  for  space-radiation  pro- 
tection purposes. 

The  quality  factor  as  a function  of  stopping  power,  which  corresponds 
to  these  recommendations  and  which  is  used  in  obtaining  the  results  given 
later  in  this  report,  is  shown  in  Fig.  4.12.  The  quality  factor  as  a 
function  of  stopping  power  is  by  assumption  independent  of  particle  type, 
so  the  values  in  Fig,  4,12  are  to  be  used  for  all  charged  particles. 
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Among  the  more  difficult  problems  encountered  in  planning  manned  space- 
flight  missions  is  the  establishment  of  "acceptable"  radiation-protection 
criteria.  This  problem  has  been  considered  extensively  by  panels  of  the 
Space  Science  Board  of  the  National  Academy  of  Sciences,  National  Research 
Council,  62»9**  so  only  a brief  discussion  will  be  given  here. 


*Refsre95e^2ha°ndiStbintereStedfin  radiatlon  effects  on  equipment  should  see 
Kers.  yj-102  and  the  many  references  therein. 


94. 


Radiobiological  Factors  in  Manned  Space  Flight,"  W.  H.  Langham,  Ed., 
1487°ni967Cademy  °f  Sclences»  National  Research  Council,  Publication 


95.  C.  L.  Hanks  and  D.  J.  Hamman,  "Semiconductor  Diodes,"  Section  1 of 

Radiation  Effects  Design  Handbook,  National  Aeronautics  and  Space  Ad- 
ministration Report  NASA  CR-1785,  1971. 

96#  -r/*  Broadway»  ‘'Thermal-Control  Coatings,"  Section  2 of  Radiation 

ReporrNArCR-?786!°?97l!'ati0nal  and  S*>ace  Administration 

97.  C*  L.  Hanks  and  D.  J.  Hamman,  "Electrical  Insulating  Materials  and 

Capacitors,  Section  3 of  Radiation  Effects  Design  Handbook,  National 
Aeronautics  and  Space  Administration  Report  NASA  CR-1787,  1971. 

98#  Drennfn  and  D*  J*  Hamman,  "Transistors,"  Section  4 of  Radiation 

Effects  Design  Handbook,  National  Aeronautics  and  Space  Administration 
Report  NASA  CR-1834,  1971.  °n 

99.  M.  L.  Green  and  D.  J.  Hamman,  "The  Radiations  in  Space  and  Their  Inter- 
actions with  Matter,"  Section  5 of  Radiation  Effects  Design  Handbook, 
National  Aeronautics  and  Space  Administration  Report  NASA  CR-1871.  1971, 

100.  J.  E.  Brennan,  "Solid-State  Photodevices,"  Section  6 of  Radiation  Ef- 
fects  Design  Handbook,  National  Aeronautics  and  Space  Administration 
Report  NASA  CR-1872,  1971. 

101.  M.  Kangilaski,  "Structural  Alloys,"  Section  7 of  Radiation  Effects 
NASA^CR^18730°i97^at^0na^  ^eronautdcs  and  Space  Administration  Report 

102 * R‘  H*  Herz»  -TAe  Photographic  Action  of  Ionizing  Radiations  in  Dosimetry 
and  Medical,  Industrial,  Neutron,  Auto-  and  Micro-Radiography.  Wilev- 
Interscience,  New  York,  1969.  r J * 


i 


m 


118 


In  Refs.  62  and  94  it  is  recognized  that  allowable  dose  limits  cannot 
be  specified  without  reference  to  particular  space  missions  and  it  is 
recommended  that  "the  radiation  protection  aspects  of  each  manned  space 
operation  should  be  considered  individually  in  context  with  a risk-versus- 
gain  philosophy  and  the  magnitude  of  other  risks  inherent  in  the  operation." 

The  radiation  effects  relevant  to  a specific  mission  may  roughly  be 
divided  into  early  effects  that  appear  within  a few  hours  to  sixty  days  and 
late  effects  that  appear  within  a few  to  many  years.  Early  effects  are 
highly  relevant  to  both  short-  and  long-range  missions  in  that  they  may  pro- 
duce sufficient  impairment  to  result  in  loss  of  a mission.  In  mission  plan- 
ning, therefore,  it  is  necessary  that  the  probability  of  radiation  exposure 
sufficient  to  produce  early  effects  be  quite  low  regardless  of  the  length 
of  the  mission.  It  is  stated  in  Ref.  94  that  in  considering  early  effects 
a quality  factor  of  unity  can  be  used  without  serious  error,  i.e.,  only  the 
absorbed  dose  or  absorbed-dose  rate  need  be  considered,  and  the  known  in- 
formation on  the  levels  of  human  response  as  a function  of  dose  and  condi- 
tions of  exposure  are  discussed. 

Late  effects  have  little  relevance  to  short-duration  missions  but  are 
of  significance  in  long  missions  and  accumulated  career  exposure.  In  Ref.  62 
the  concept  of  a reference  risk  is  introduced;  i.e.,  the  Panel  has  recom- 
mended exposure  limits  that  may  "be  used  as  a point  of  normalization  for 
plans  and  operations  involving  different  numbers  of  personnel,  different 
risk-vs-gain  evaluations,  and  different  degrees  of  operational  complexity." 
The  reference-risk  exposure  limits  and  exposure  accumulation-rate  con- 
straints are  given  in  Table  5.1.  The  values  in  the  table  are  specified  in 
terms  of  dose  equivalent,  and  the  quality-f actor  recommendations  of  the 
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International  Connnission  on  Radiological  Protection72  are  to  be  used.  It 
must  be  emphasized  that  reference-risk  recommendations  are  not  to  be  con- 
sidered as  acceptable  or  allowable  dose  limits.  It  is  stated  in  Ref.  62 
that  the  Panel  does  not  wish  to  make  the  judgment  that  the  added  risk  in- 
herent in  the  recommendations  is  "allowable  for  a given  mission  or  that  the 
added  risk  is  offset  by  expected  gains." 


*The  quality  factor  as  a function  of  stopping  power  is  shown  in  Fig.  4.12. 


TABLE  5.1 


Suggested  Exposure  Limits  and  Exposure  Accumulation-Rate 
Constraints  for  Unit  Reference-Risk  Conditions3 


Primary 

Reference 

Risk 

(rem  at  5 cm) 

Ancillary  Reference  Risks 

Bone  Marrow 
(rem  at  5 cm)b 

Skin 

(rem  at  0.1  mm) 

Ocular  Lens 
(rem  at  3 mm) 

Testes 

(rem  at  3 cm) 

1-year  average  daily  rate 

0.2 

0.6 

0.3 

0.1 

30-day  maximum 

25 

75 

37 

13 

Quarterly  maximumc 

35 

105 

52 

18 

Yearly  maximum 

75 

225 

112 

38 

Career  limit 

400 

400 

1200 

600 

200 

a.  Taken  from  Ref.  62. 

b.  Below  skin  surface. 


c.  May  be  allowed  for  two  consecutive  quarters  followed  by  6 months 
from  further  exposure  to  maintain  yearly  limit. 


of  restriction 
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Chapter  6 

CALCULATED  FLUENCE  AND  DOSE  RESULTS  FROM  VAN  ALLEN  BELT 

AND  SOLAR-FLARE  SPECTRA 

In  this  chapter  a variety  of  numerical  results  pertaining  to  the  shield- 
ing of  space  vehicles  is  presented  and  discussed.  Only  incident  Van  Allen 
belt  and  solar-flare  spectra  are  considered.  Because  of  the  higher  energies 
involved,  the  case  of  galactic  cosmic-ray  spectra  will  be  treated  in  Chap- 
ter 7.  Much  of  the  numerical  data  presented  in  this  chapter  was  obtained 
from  the  equations  of  Chapter  3 and  from  the  data  of  Chapter  4,  but  absorbed- 
dose  and  dose-equivalent  results  obtained  with  secondary-particle  production 
and  transport  properly  taken  into  account  are  also  presented  for  comparison 
purposes. 

In  Section  6.1  a variety  of  results  obtained  from  primary  proton  and 
alpha-particle  transport  calculations  is  given  and  discussed.  The  data  pre- 
sented were  chosen  primarily  to  illustrate  various  significant  features  of 
space-shielding  calculations.  In  Section  6.2  the  data  obtained  with  the 
production  and  transport  of  particles  from  nuclear  reaction  taken  into  ac- 
count are  presented.  The  details  of  the  calculations  that  include  nuclear- 
reaction  products  will  be  found  in  Appendix  3.  In  Section  6.3  the  validity 
of  neglecting  the  production  and  transport  of  nuclear-reaction  products  in 
space-shielding  calculations  is  considered.  This  is  perhaps  the  most  im- 
portant section  in  the  report  since,  in  general,  these  nuclear-reaction 
products  must  be  neglected  in  space-shielding  calculations,  and  it  is  in 
this  section  that  this  procedure  is  to  some  extent  justified.  In  Section  6.4 
the  subject  of  shielding  against  alpha  particles  is  briefly  discussed.  In 
Sections  6.5  and  6.6  the  validity  of  using  the  equivalent-thickness  approx- 
imation and  the  analytic  stopping-power  approximation,  respectively,  is 
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considered.  These  approximations  are  primarily  intended  for  use  in  shield- 
ing calculations  involving  very  complex  geometries.  However,  the  results 
indicate  that  the  equivalent-thickness  approximation  is  quite  reliable,  and 
it  is  sufficiently  simple  to  use  that  it  may  be  useful  even  when  relatively 
simple  geometries  are  being  considered.  In  Section  6.7  results  obtained 
with  the  codes  MEVDP75  and  LSVDC4, 78  which  are  capable  of  treating  very  com- 
plex geometries,  are  presented  and  compared. 

6.1  PRIMARY  PROTON  AND  ALPHA- PARTICLE  TRANSPORT  CALCULATIONS 

The  large  majority  of  the  primary  proton  and  alpha-particle  transport 
calculations  presented  in  this  report  have  been  carried  out  with  the  com- 
puter code  TRAPP.103  By  means  of  numerical  integration  of  the  equations 
given  in  Chapter  3,  this  code  calculates  the  primary-particle  fluences  and 
doses  at  the  center  of  the  tissue  sphere  in  the  geometry  shown  in  Fig.  3.1.* 

The  code  gives  the  absorbed  dose  and  the  dose  equivalent  from  both  the  atten- 
uated and  unattenuated  fluences. 

In  the  majority  of  cases  reported  here,  the  radius  of  the  tissue  sphere, 

rT>  was  taken  to  be  15  g cm  2,  but  for  illustrative  purposes  some  results 

are  also  presented  for  the  case  of  r^  * 0.  It  is  to  be  understood  that 

when  rT  = 0,  an  infinitesimal  tissue  sphere  in  which  the  doses  are  calculated 

is  still  assumed  to  be  present.  It  should  also  be  noted  that  when  the 

straightahead  approximation  is  used  and  the  results  are  calculated  only  at 

*The  code  calculates  the  particle  flux  at  the  center  of  the  tissue  sphere 
if  flux  is  incident  as  in  the  Van  Allen  belt,  and  it  calculates  the  fluence. 
at  the  center  of  the  tissue  sphere,  i.e.,  the  time-integrated  flux,  if 
fluence  is  incident  as  in  the  case  of  a solar  flare.  If  flux  is  calcu- 
lated, then  the  dose  rate  is  also  calculated;  if  fluence  is  calculated, 
then  the  dose  is  obtained. 

103.  J.  Barish,  R.  T.  Santoro,  F.  S.  Alsmiller,  and  R.  G.  Alsmiller,  Jr., 
"TRAPP,  a Computer  Program  for  the  Transport  of  Alpha  Particles  and 
Protons  with  All  Nuclear-Reaction  Products  Neglected,"  Oak  Ridge  Na- 
tional Laboratory  Report  ORNL-4763,  1972. 
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the  center  of  the  sphere  as  in  TRAPP,  the  shield  thickness  but  not  the 
shield  radius  enters  into  the  computation;  i.e.,  for  calculations  with  TRAPP 
the  radius  of  the  vacuum  gap  as  shown  in  Fig.  3.1  is  irrelevant. 

The  physical  data  used  in  all  of  the  calculations  are  those  described 
in  Chapter  4.  The  incident  spectra  used  are  those  given  in  Sections  2.1.5 
and  2.2.2  of  Chapter  2.  In  particular,  the  normalization  in  the  Van  Allen 
belt  spectra  is  that  given  in  Table  2.1,  and  it  is  assumed  that  there  are 
no  incident  Van  Allen  belt  protons  with  energies  > 1000  MeV.  All  incident 
proton  and  alpha-particle  solar-flare  spectra  are  normalized  to  109  par- 
ticles/cm2 with  energies  between  30  and  3000  MeV,  and  it  is  assumed  that 
there  are  no  incident  solar-flare  particles  with  energies  > 3000  MeV. 

6.1.1  Primary  Proton  and  Alpha-Particle  Fluence  as  a Function  of 
Shield  Thickness 

It  is  instructive  to  consider  how  the  primary-particle  flux  or  fluence 

per  unit  energy  changes  as  a function  of  shield  thickness.  The  proton  flux 

per  unit  energy  is  shown  in  Fig.  6.1  as  a function  of  energy  at  the  center 

of  the  shield  for  various  shield  thicknesses  for  the  case  of  a Van  Allen 

belt  proton  spectrum,  corresponding  to  an  altitude  of  240  nautical  miles 

and  an  orbital  inclination  of  30°,  isotropically  incident  on  a polyethylene 

shield.  In  obtaining  the  results  shown  in  Fig.  6.1,  attenuation  due  to 

nuclear  collisions  has  been  neglected,  i.e.,  oe  - am  * 0,  and  the  radius 

Sp  Tp 

of  the  tissue  sphere,  rT,  has  been  taken  to  be  zero.  The  incident  spectrum, 
rg  » 0,  in  Fig.  6.1  is  not  shown  below  30  MeV  because  in  all  calculations 
incident  protons  with  energies  < 30  MeV  are  not  considered.  This  is  justi- 
fied because  the  range  of  30~MeV  protons  in  all  materials  considered  is 
less  than  the  smallest  shield  thickness  considered;  i.e„,  the  flux  per  unit 
energy  shown  in  Fig.  6.1  at  a shield  thickness  of  2 g cm“2  would  not  be 
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ENERGY  (MeV) 

Fig.  6.1.  Proton  flux  per  unit  energy  at  the  center  of  the  shield  vs 
energy  for  a proton  spectrum,  corresponding  to  a circular  orbit  in  the  Van 
Allen  belt,  isotropically  incident  on  spherical  shell  shields  of  various 
thicknesses. 


125 

changed  even  if  protons  with  energies  < 30  MeV  were  included  in  the  incident 
spectrum.  At  shield  thicknesses  of  2 g cm-2  and  greater,  all  of  the  curves 
in  Fig.  6.1  exhibit  a peak  at  energies  of  the  order  of  150  MeV  or  less.  As 
the  shield  thickness  increases,  the  proton  energy  at  which  the  peak  occurs 
becomes  larger  and  the  peak  becomes  broader.  This  peak  is  due  to  the  very 
rapid  increase  in  the  proton  stopping  power  at  very  low  energies.  It  should 
be  noted  that  the  maximum  proton  energy  in  the  flux  per  unit  energy  is  a 
function  of  shield  thickness.  In  the  figure  there  are  no  protons  above  the 
highest  energy  at  which  the  curve  corresponding  to  a given  shield  thickness 
is  plotted;  i.e.,  since  the  maximum  incident  proton  energy  is  1000  MeV, 
there  is  a maximum  energy  proton  at  each  depth  corresponding  to  the  energy 
a 1000-MeV  proton  will  have  after  traversing  the  specified  shield  thickness. 
In  Fig.  6.1  the  decrease  of  the  flux  per  unit  energy  as  shield  thickness 
increases  is  due  entirely  to  the  form  of  the  incident  spectrum  and  proton 
slowing-down  since  the  attenuation  due  to  nuclear  collisions  has  been  ne- 
glected; i.e.,  the  lower  energy  particles  that  were  most  numerous  in  the 
incident  spectrum  reach  the  end  of  their  range  as  the  shield  thickness  in- 
creases, and  the  particles  that  remain  are  the  slowed-down  higher  energy 
incident  particles. 

The  proton  flux  per  unit  energy  is  shown  in  Fig.  6.2  as  a function  of 
energy  for  the  same  case  as  that  shown  in  Fig.  6.1  except  that  the  tissue 
sphere  (r^  = 15  g cm”2)  has  been  included  in  the  calculations.  In  Fig.  6.2, 
as  in  Fig.  6.1,  attenuation  due  to  nuclear  collisions  has  been  neglected; 
i.e.,  Ogp  = a = 0.  The  curves  in  Fig.  6.2  show  the  same  general  features 
as  those  in  Fig.  6.1,  but  the  magnitude  of  the  flux  per  unit  energy  at  a 
given  shield  thickness  in  Fig,  6.2  is  less  than  that  in  Fig.  6.1  because  in 


126 


Fig.  6.2.  Proton  flux  per  unit  energy  at  the  center  of  the  tissue 
sphere  vs  energy  for  a proton  spectrum,  corresponding  to  a circular  orbit 
in  the  Van  Allen  belt,  isotropically  incident  on  spherical  shell  shields 
of  various  thicknesses.  The  thickness  specified  on  each  curve  is  the  shield 
thickness  only;  i.e.,  the  values  given  do  not  include  the  15  g cm"2  of 
tissue. 
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Fig,  6,2  the  particles  have  been  slowed  down  by  passing  through  the  addi- 
tional 15  g cm"2  of  tissue. 

The  proton  fluence  per  unit  energy  is  shown  in  Figs.  6.3  and  6.4  as  a 
function  of  energy  at  the  center  of  the  shield  for  various  shield  thick- 
nesses for  the  case  of  a solar-flare  proton  spectrum  with  a characteristic 
rigidity  of  100  MV  isotropically  incident  on  an  aluminum  shield.  The  re- 
sults in  Fig.  6.3  differ  from  those  in  Fig.  6.4  in  that  in  Fig.  6.3  the 
radius  of  the  tissue  sphere,  rT,  has  been  taken  to  be  zero,  while  in  Fig.  6.4 
rT  « 15  g cm"2.  The  curves  in  Figs.  6.3  and  6.4  exhibit  the  same  general 
behavior  as  those  in  Figs.  6.1  and  6.2,  but  they  extend  to  higher  energies 
since  in  the  case  of  solar  flares  incident  energies  of  3000  MeV  are  con- 
sidered. Above  approximately  1000  MeV,  the  shape  of  the  proton  fluence  per 
unit  energy  is  not  very  dependent  on  shield  thickness.  Because  of  the  very 
rapid  decrease  in  the  fluence  per  unit  energy  as  energy  increases,  it  is 
clear  that  the  higher  energy  (*>  1000  MeV)  protons  will  not  contribute  ap- 
preciably to  the  absorbed  dose  or  dose  equivalent  for  the  shield  thickness 
considered. 

The  alpha-particle  fluence  per  unit  energy  is  shown  in  Figs.  6.5  and 
6.6  as  a function  of  energy  at  the  center  of  the  shield  for  various  shield 
thicknesses  for  the  case  of  a solar-flare  alpha-particle  spectrum  with  a 
characteristic  rigidity  of  100  MV  isotropically  incident  on  an  aluminum 
shield.  In  Fig.  6.5  rT  = 0 and  in  Fig.  6.6  r^  = 15  g cm"2.  In  both  Figs.  6.5 
and  6.6  the  attenuation  due  to  nuclear  collisions  has  been  neglected,  so 

aSa  = aTa  ~ 0#  The  alPha“Particle  curves  in  Figs.  6.5  and  6.6  exhibit  the 
same  general  features  as  the  proton  curves  in  Figs.  6.3  and  6.4,  but  these 
features  are  emphasized  because  of  the  larger  alpha-particle  stopping  power. 
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Fig.  6.6.  Alpha-particle  fluence  per  unit  energy  at  the  center  of  the 
tissue  sphere  vs  energy  for  a solar-flare  alpha-particle  spectrum  isotrop- 
ically incident  on  spherical  shell  shields  of  various  thicknesses.  The 
thickness  specified  on  each  curve  is  the  shield  thickness  only;  i.e.,  the 
values  given  do  not  include  the  15  g cm  2 of  tissue. 
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Note  particularly  the  very  rapid  change  in  the  low-energy  part  of  the  in- 
cident alpha-particle  spectrum  that  is  caused  by  the  2-g-cnf 2-thick  aluminum 
shield,  as  shown  in  Fig.  6.5.  At  all  shield  thicknesses,  but  particularly 
at  the  larger  thicknesses,  the  peaks  in  the  alpha-particle  fluence  per  unit 
energy  are  much  less  pronounced  and  occur  at  higher  energies  than  the  cor- 
responding peaks  in  the  proton  fluence  per  unit  energy. 

All  of  the  results  shown  in  Figs.  6.1  to  6.6  were  obtained  with  the 
attenuation  due  to  nuclear  collisions  neglected.  When  nuclear  attenuation 
is  included,  the  flux  or  fluence  per  unit  energy  at  a given  shield  thickness 
is  decreased,  but  the  shape  of  the  curves  is  not  changed  appreciably.  To 
illustrate  this,  the  attenuated  and  unattenuated  proton  flux  per  unit  energy 
the  center  of  the  tissue  sphere  is  shown  in  Fig.  6.7  as  a function  of 
energy  for  several  polyethylene  shield  thicknesses  for  the  case  of  a Van 
Allen  belt  proton  spectrum,  corresponding  to  an  altitude  of  240  nautical 
miles  and  an  orbital  inclination  of  30°,  isotropically  incident  on  a spher- 
ical shell  shield.  In  Figs.  6.8  and  6.9  similar  results  are  shown  for  the 
case  of  a solar-flare  proton  and  alpha-particle  spectrum  with  characteristic 
rigidity  of  100  MV  incident  on  an  aluminum  shield.  In  Figs.  6.7  to  6.9  the 
solid— line  curves  show  the  results  when  nuclear  attenuation  is  neglected 
and  the  dashed-line  curves  show  the  results  when  nuclear  attenuation  is  in- 
cluded. For  a given  shield  thickness,  the  solid—  and  dashed— line  curves  in 
each  individual  figure  have  nearly  the  same  shape.  The  effect  of  nuclear 
collisions  in  the  case  of  alpha  particles  is  more  pronounced  than  in  the 
case  of  protons  because  the  alpha-particle-collision  cross  section  is  larger 
than  the  proton-collision  cross  section. 
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Fig.  6.8.  Proton  fluence  per  unit  energy  at  the  center  of  the  tissue 
sphere  vs  energy  for  a solar-flare  proton  spectrum  isotropically  incident 
on  spherical  shell  shields  of  various  thicknesses.  The  thickness  specified 
on  each  curve  is  the  shield  thickness  only;  i.e.,  the  values  given  do  not 
include  the  15  g cm“?  of  tissue. 
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For  other  incident  solar-flare  and  Van  Allen  belt  spectra  and  for  other 
shield  materials,  results  similar  to  those  shown  in  Figs.  6.1  to  6.9  would 
be  obtained. 

6.1.2  Primary  Proton  and  Alpha-Particle  Absorbed  Dose  and  Dose 
Equivalent  as  a Function  of  Shield  Thickness 

The  calculation  of  the  primary-particle  absorbed-dose  rate  (or  absorbed 
dose)  and  dose-equivalent  rate  (or  dose  equivalent)  is  a straightforward 
matter  of  numerical  integration  once  the  primary-particle  flux  (or  fluence) 
per  unit  energy  is  calculated.  One  minor  difficulty  arises  in  that  the 
dose  integrals  extend  to  zero  energy  and,  because  of  the  lack  of  information 
concerning  the  stopping  powers  of  very  low  energy  particles,  the  flux  (or 
fluence)  per  unit  energy  is  usually  known  above  some  low-energy  cutoff. 

This  causes  no  essential  problem  because  it  is  an  excellent  approximation 
to  neglect  the  contribution  to  the  dose  integrals  of  the  very  low  energy 
particles  since  their  range  is  very  small  compared  to  the  shield  thicknesses 
of  interest;  that  is,  the  error  caused  by  neglecting  the  contribution  to 
the  dose  integrals  at  a particular  shield  thickness  by  particles  below  some 
specific  energy  E*  is  of  the  order  of  the  error  that  would  be  caused  by 
adding  the  range  of  a particle  of  energy  E*  to  the  shield  thickness.  In  all 
of  the  calculations  carried  out  with  TRAPP  and  reported  here,  it  has  been 
assumed  that  both  protons  and  alpha  particles  with  energies  <0.1  MeV  may 
be  neglected. 

Before  considering  the  dose  values  due  to  the  various  incident-particle 
spectra,  it  is  instructive  to  consider  the  integrands  that  occur  in  the  dose 
integrals  (Eqs.  3.17  and  3.18)  because  in  this  manner  an  estimate  of  the 
particle  energies  that  actually  contribute  to  the  absorbed-dose  and  dose- 
equivalent  rates  can  be  obtained. 
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The  integrand  in  the  absorbed-dose-rate  integral  (Eq.  3.17),  i.e.,  the 
proton  flux  per  unit  energy  multiplied  by  the  stopping  power  of  tissue  for 
protons,  is  shown  in  Fig.  6.10  as  a function  of  energy  at  the  center  of  the 
tissue  sphere  for  the  case  of  a Van  Allen  belt  proton  spectrum,  correspond- 
ing to  an  altitude  of  240  nautical  miles  and  an  orbital  inclination  of  30°, 
isotropically  incident  on  various  thicknesses  of  a polyethylene  shield.  The 
integrand  in  the  dose-equivalent-rate  integral  (Eq.  3.18),  i.e.,  the  proton 
flux  per  unit  energy  multiplied  by  the  stopping  power  of  tissue  for  protons 
and  multiplied  by  the  quality  factor,  is  shown  in  Fig.  6.11  as  a function 
of  energy  for  the  same  case  as  that  considered  in  Fig.  6.10.  In  both  Figs. 
6.10  and  6.11  the  attenuation  due  to  nuclear  collisions  has  been  neglected. 

In  Fig.  6.10  the  curves  show  a marked  difference  from  the  flux-per-unit- 
energy  curves  in  Fig.  6.1  in  that  they  do  not  have  a peak  but  are  monotone 
decreasing  as  the  particle  energy  increases.  This  difference  arises  be- 
cause the  values  shown  in  Fig.  6.10  are  a product  of  the  flux  per  unit  en- 
ergy and  the  tissue  stopping  power,  and  at  low  energies  the  flux  per  unit 
energy  decreases  as  energy  decreases  but  the  stopping  power  increases  as 
energy  decreases.  It  is  clear  from  the  curves  in  Fig.  6.10  that  protons  of 

the  order  of  100  MeV  and  less  are  the  major  contributors  to  the  absorbed- 
dose  rate. 

The  curves  in  Fig.  6.11  differ  from  those  in  Fig.  6.10  in  that  the 
quality  factor  has  been  included.  For  protons,  the  quality  factor  is  not 
appreciably  different  from  unity  at  energies  above  15  MeV,  and  therefore  the 
curves  in  Fig.  6.11  are  the  same  as  those  in  Fig.  6.10  at  energies  above 
15  MeV.  Below  this  energy,  however,  the  quality  factor  increases  rapidly 
with  decreasing  energy,  and  this  is  responsible  for  the  abrupt  increase  in 
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Fig.  6.10.  Integrand  of  the  absorbed-dose-rate  integral,  Eq.  3.17,  vs 
energy  for  a proton  spectrum,  corresponding  to  a circular  orbit  in  the  Van 
Allen  belt,  isotropically  incident  on  spherical  shell  shields  of  various 
thicknesses.  The  thickness  specified  on  each  curve  is  the  shield  thickness 
only;  i.e.,  the  values  given  do  not  include  the  15  g cm”2  of  tissue. 


ORNL— DWG  71-10371 


ALTITUDE:  240  nautical  miles 
ORBITAL  INCLINATION:  30° 

SHIELD:  POLYETHYLENE 
RADIUS  OF  TISSUE  SPHERE:  15g  cm”2 
NO  ATTENUATION  DUE  TO  NUCLEAR  COLLISIONS 


ENERGY  (MeV) 


Fig.  6.11.  Integrand  of  the  dose-equivalent-rate  integral,  Eq.  3.18, 
vs  energy  for  a proton  spectrum,  corresponding  to  a circular  orbit  in  the 
Van  Allen  belt,  isotropically  incident  on  spherical  shell  shields  of  various 
thicknesses.  The  thickness  specified  on  each  curve  is  the  shield  thickness 
only;  i.e.,  the  values  given  do  not  include  the  15  g cm  2 of  tissue. 
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the  curves  in  Fig.  6.11  at  energies  below  15  MeV.  For  a given  shield  thick- 
ness, the  absorbed-dose  rate  and  the  dose— equivalent  rate  are  obtained  by 
integrating  under  the  appropriate  curve  in  Figs.  6.10  and  6.11.  Since  the 
corresponding  curves  in  Figs.  6.10  and  6.11  are  the  same  above  15  MeV,  it 
is  only  the  differences  below  15  MeV  that  account  for  the  difference  be- 
tween the  absorbed-dose  rate  and  the  dose-equ:lvalent  rate  for  a given  shield 
thickness. 

The  integrands  in  Eqs.  3.17  and  3.18,  respectively,  are  shown  in  Figs. 
6.12  and  6.13  as  a function  of  energy  at  the  center  of  the  tissue  sphere 
for  a solar-flare  proton  spectrum  with  a characteristic  rigidity  of  100  MV 
isotropically  incident  on  various  thicknesses  of  an  aluminum  shield.  The 
curves  in  Figs.  6.12  and  6.13  have  the  same  general  features  as  those  in 
Figs.  6.10  and  6.11. 

The  integrands  in  Eqs.  3.17  and  3.18,  respectively,  are  shown  in  Figs. 
6.14  and  6.15  as  a function  of  energy  at  the  center  of  the  tissue  sphere 
for  a solar-flare  alpha-particle  spectrum  with  a characteristic  rigidity  of 
100  MV  isotropically  incident  on  various  thicknesses  of  an  aluminum  shield. 
In  Figs.  6.14  and  6.15  the  attenuation  due  to  nuclear  collisions  has  been 
neglected.  In  Fig.  6.14  the  curves  of  alpha-particle  fluence  multiplied  by 
the  tissue  stopping  power  are  monotone,  decreasing  with  increasing  energy 
as  in  the  case  of  the  protons  in  Fig.  6.12,  but  the  alpha— particle  curves 
decrease  much  less  rapidly  than  the  proton  curves  as  energy  increases. 
Therefore,  the  higher  energy  (of  the  order  of  a few  hundred  MeV)  alpha  par- 
ticles contribute  more  to  the  alpha-particle  absorbed  dose  than  the  higher 
energy  protons  contribute  to  the  proton  absorbed  dose. 
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Fig.  6.12.  Integrand  of  the  absorbed-dose  integral,  Eq.  3.17,  vs 
energy  for  a solar-flare  proton  spectrum  isotropically  incident  on  spherical 
shell  shields  of  various  thicknesses.  The  thickness  specified  on  each  curve 
is  the  shield  thickness  only;  i.e.,  the  values  given  do  not  include  the 
15  g cm”2  of  tissue. 
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Fig.  6.13.  Integrand  of  the  dose-equivalent  integral,  Eq.  3.18,  vs 
energy  for  a solar-flare  proton  spectrum  isotropically  incident  on  spherical 
shell  shields  of  various  thicknesses.  The  thickness  specified  on  each  curve 
is  the  shield  thickness  only;  i.e.,  the  values  given  do  not  include  the 
15  g cm  z of  tissue. 
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Fig.  6.14.  Integrand  of  the  absorbed-dose  integral,  Eq.  3.17,  vs  energy 
for  a solar-flare  alpha-particle  spectrum  isotropically  incident  on  spheri- 
cal shell  shields  of  various  thicknesses.  The  thickness  specified  on  each 

curve  is  the  shield  thickness  only;  i.e.,  the  values  given  do  not  include 
the  15  g cm"”2  of  tissue. 
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Fig.  6.15.  Integrand  of  the  absorbed-dose  integral,  Eq.  3.17,  vs  energy 
for  a solar-flare  alpha-particle  spectrum  isotropically  incident  on  spherical 
shell  shields  of  various  thicknesses.  The  thickness  specified  on  each  curve 
is  the  shield  thickness  only;  i.e.,  the  values  given  do  not  include  the 
15  g cm  of  tissue. 
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The  curves  in  Fig.  6.15  differ  from  those  in  Fig.  6.14  in  that  the 
quality  factor  has  been  included.  For  alpha  particles  the  quality  factor 
is  not  appreciably  different  from  unity  at  energies  300  MeV,  and  therefore 
the  curves  in  Fig.  6.15  are  the  same  as  those  in  Fig.  6.14  above  this  energy. 
Since  the  quality  factor  for  alpha  particles  is  different  from  unity  at 
energies  ^ 300  MeV  whereas  the  quality  factor  for  protons  is  different  from 
unity  only  at  energies  ^ 15  MeV,  it  is  to  be  anticipated  that  the  difference 
between  the  absorbed  dose  and  dose  equivalent  for  alpha  particles  will  be 
larger  than  the  difference  between  the  absorbed  dose  and  dose  equivalent  for 
protons. 

For  the  cases  considered  in  Figs.  6.10  to  6.15,  the  various  doses  are 
shown  in  Fig.  6.16  as  a function  of  shield  thickness.  The  values  shown  cor- 
respond  to  the  doses  at  the  center  of  a 15-g-cm“ 2-radius  tissue  sphere  (see 
Fig.  3.1).  The  solid~line  curves  give  the  dose-equivalent  rate  or  dose 
equivalent  as  a function  of  shield  thickness  and  the  dashed-line  curves  give 
the  absorbed-dose  rate  or  absorbed  dose  as  a function  of  shield  thickness. 
Results  are  shown  in  Fig.  6.16  with  the  attenuation  due  to  nuclear  collisions 
both  included  and  neglected.  For  all  cases  shown,  the  corresponding  solld- 
and  dashed-line  curves  have  approximately  the  same  shape,  so  the  ratio  of 
the  dose  equivalent  rate  to  the  absorbed-dose  rate,  or  the  dose  equivalent 
to  the  absorbed  dose,  is  not  strongly  dependent  on  shield  thickness.  These 
ratios  are  also  approximately  independent  of  whether  or  not  nuclear  atten- 
uation  is  included  in  the  calculations.  In  the  case  of  protons,  the  dose- 
equivalent  rate  or  dose  equivalent  is  only  slightly  larger  than  the  absorbed- 
dose  rate  or  absorbed  dose,  but  in  the  case  of  alpha  particles  the  dose 
equivalent  is  appreciably  larger  than  the  absorbed  dose. 
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The  effect  of  nuclear  attenuation  on  the  various  doses  increases  with 
shield  thickness  and  becomes  very  large  at  the  largest  shield  thicknesses 
considered.  The  effect  of  nuclear  attenuation  is  considerably  larger  in 
the  case  of  incident  alpha  particles  than  in  the  case  of  incident  protons. 

The  various  doses  are  shown  in  Fig.  6.17  as  a function  of  shield  thick- 
ness for  tissue  spheres  with  radii  of  0 and  15  g cm"*.  The  incident  spectra 
and  shield  materials  are  the  same  as  those  considered  in  Fig.  6.16.  All  of 
the  results  shown  in  Fig.  6.17  were  obtained  with  the  attenuation  due  to 
nuclear  collisions  neglected.  The  curves  in  Fig.  6.17  indicate  that  the 
presence  of  the  tissue  sphere  has  an  appreciable  effect  on  the  doses,  par- 
ticularly for  small  shield  thicknesses  and  for  incident  alpha  particles. 

This  is  to  be  expected  since  the  presence  of  the  tissue  effectively  in- 
creases the  shield  thickness.  In  fact,  much  of  the  difference  between  the 
corresponding  curves  in  Fig.  6.17,  i.e.,  the  curves  for  a given  type  dose 
with  tissue  sphere  radii  of  0 and  15  g cm“2,  would  be  removed  if  the  results 
were  plotted  against  shield  thickness  plus  tissue-sphere  radius  rather  than 
against  shield  thickness.  The  subject  of  primary-particle  doses  at  the 

center  of  the  shield  for  tissue-sphere  radii  of  0 and  15  g cm*2  is  discussed 
in  more  detail  in  Section  6.3.2. 

The  quantitative  results  presented  in  this  section  are  dependent  on  the 
incident  spectra  and  shield  materials  considered,  but  most  of  the  discussion 
is  applicable  to  other  Van  Allen  belt  and  solar-flare  spectra  and  to  other 
shield  materials.  In  Appendix  2 dose  values  analogous  to  those  shown  in 
Pig*.  6.1*  snd  6.1/  are  presented  for  a large  variety  of  Van  Allen  belt  and 
solar-flare  spectra  and  for  shields  of  aluminum,  polyethylene,  and  copper. 
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Fig.  6.17.  Dose  or  dose  rate  from  only  primary  particles  at  the  center 
of  a tissue  sphere  vs  spherical-shell-shield  thickness  for  various  incident- 
particle  spectra.  Results  are  shown  for  tissue  sphere  radii  of  0 and  IS  g cm' 


6-2THE  SECONDARY^PARTICLE  COWTRIBUTION  TO  THE  ABSORBED 
DOSE  AND  DOSE  EQUIVALENT  FOR  INCIDENT  PROTON  SPECTRA 


Space-shielding  calculations  that  include  the  production  of  secondary 
particles  from  nuclear  collisions  and  the  transport  of  these  particles  are 
very  complex  and  too  time-consuming  to  be  carried  out  on  a routine  basis. 
However,  a computer  code,  NMTC,69  capable  of  carrying  out  such  calculations 
for  incident  protons  is  available,  and  therefore  estimates  of  the  secondary- 
particle  contribution  to  the  absorbed  dose  and  dose  equivalent  in  typical 
cases  can  be  obtained.  Calculated  results  obtained  with  NMTC  have  been  com- 
pared with  a variety  of  experimental  data,  and,  in  general,  good  agreement 
has  been  obtained. 106  in  this  section  the  results  of  calculations  car- 
ried out  with  NMTC  for  the  geometry  shown  in  Fig.  3.1  and  rT  « 15  g cm”2 
are  presented  and  discussed.*  It  should  be  noted  that  since  secondary  par- 
ticles are  explicitly  included  in  the  calculations  the  results  presented  in 
this  section  are  not  independent  of  the  radius  of  the  vacuum  gap  shown  in 
Fig.  3.1,  The  details  of  the  calculations  are  described  in  Appendix  3.  In 
Section  6.3  the  calculated  results  presented  here  are  used  to  test  the  valid- 
ity of  the  very  approximate  method  of  including  secondary  particles  described 
in  Section  3,4. 


*A  general  discussion  of  the  inclusion  of  secondary-particle  production  and 
transport  in  space-shielding  calculations  will  be  found  elsewhere.68 
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In  shielding  calculations  which  include  secondary-particle  production 
and  transport,  there  are  many  different  kinds  of  particles,  each  of  which 
contribute  to  the  absorbed  dose  and  dose  equivalent.  The  individual  con- 
tributions to  the  absorbed-dose  rate  are  shown  in  Fig.  6.18  as  a function 
of  depth  in  the  tissue  for  a Van  Allen  belt  proton  spectrum,  corresponding 
to  an  altitude  of  240  nautical  miles  and  an  orbital  inclination  of  30°,  iso- 
tropically incident  on  a 20-g-cm”2- thick  aluminum  shield.  In  the  figure, 
the  histogram  labeled  "primary  protons"  gives  the  dose  rate  due  to  the  ioni- 
zation and  excitation  of  atomic  electrons  by  those  incident  protons  that 
have  not  suffered  a nuclear  interaction.  In  the  Monte  Carlo  calculations, 
the  nuclear  cross  sections  are  defined  in  the  same  manner  as  they  were  de- 
fined in  Chapter  3,  so  the  primary-proton  curve  in  Fig.  6.18  corresponds  to 
the  attenuated  primary-proton  dose  rate.  The  histogram  labeled  "secondary 
protons"  gives  the  absorbed-dose  rate  from  the  ionization  and  excitation  of 
atomic  electrons  by  protons  produced  from  nonelastic  nucleon-  and  p ion-nucleus 
collisions  in  the  shield  and  in  the  tissue  and  from  the  elastic  collisions 
of  nucleons  and  pions  with  hydrogen  nuclei  in  the  tissue.*  The  histogram 
labeled  "heavy  nuclei"  gives  the  absorbed-dose  rate  from  particles  with  mass 
number  gx eater  than  unity  produced  from  nonelastic  nucleon-nucleus  and  pion- 
nucleus  collisions  and  the  absorbed-dose  rate  from  recoiling  nuclei  produced 
from  elastic  neutron-nucleus  collisions  and  nonelastic  nucleon— nucleus  and 
pion-nucleus  collisions.  The  histogram  labeled  "charged  pions"  gives  the 
absorbed-dose  rate  from  the  excitation  and  ionization  of  atomic  electrons 
by  both  positively  and  negatively  charged  pions  produced  from  nucleon-nucleus 
and  pion-nucleus  collisions.  The  histogram  labeled  "photons  from  neutral 
pions"  gives  the  absorbed-dose  rate  produced  by  the  photons  arising  from  the 
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Fig.  6.18.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
proton  spectrum  corresponding  to  an  altitude  of  240  nautical  miles  and  an 
orbital  inclination  of  30°  is  isotropically  incident  on  a 20-g-cm’2-thick 
aluminum  shield  (see  Fig.  3.1). 
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decay  of  neutral  pioris.  The  histogram  labeled  "electrons,  positrons,  and 
photons"  gives  the  absorbed-dose  rate  from  electrons  and  positrons  produced 
by  muon  decay,  and  the  absorbed-dose  rate  from  the  photons  produced  by  nucleon- 
nucleus  and  pion-nucleus  nonelastic  collisions.  In  the  calculations,  the 
approximation  was  made  that  photons,  electrons,  and  positrons  deposit  their 
energy  at  their  point  of  origin;  i.e.,  these  particles  have  not  been  trans- 
ported. The  histogram  labeled  "muons"  gives  the  absorbed-dose  rate  from  the 
ionization  and  excitation  of  atomic  electrons  by  both  positively  and  nega- 
tively charged  muons.  A dose  contribution  from  secondary  neutrons  is  not 
shown  since  neutrons  contribute  to  the  dose  rate  only  by  producing  charged 
particles  from  nuclear  collisions,  and  the  contributions  of  these  charged 
particles  are  included  in  the  other  categories. 

The  total  absorbed-dose  rate  is  obtained  by  adding  all  of  the  contri- 
butions shown  in  Fig.  6.18.  Since  the  calculations  have  been  carried  out 
by  Monte  Carlo  methods,  the  results  are  subject  to  statistical  fluctuations 
as  evidenced  by  the  somewhat  erratic  behavior  of  some  of  the  individual 
histograms.  This  is  particularly  noticeable  with  those  categores  that  con- 
tribute only  a very  small  amount  to  the  total  absorbed-dose  rate,  but  this 
is  relatively  unimportant  because  a large  uncertainty  in  such  a small  quantity 
does  not  introduce  any  appreciable  uncertainty  in  the  total  absorbed-dose 
rate.  The  only  appreciable  contribution  to  the  total  absorbed-dose  rate  at 
all  tissue  depths  in  Fig.  6.18  is  from  primary  and  secondary  protons.  The 
primary-proton  dose  rate  decreases  slightly  as  the  tissue  depth  increases 
but  the  secondary-proton  dose  rate  is,  within  the  statistical  uncertainties, 
relatively  constant  as  a function  of  tissue  depth. 
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The  individual  contributions  to  the  dose-equivalent  rate  for  the  same 
case  as  that  considered  in  Fig.  6.18  are  shown  in  Fig.  6.19.  The  individual 
histograms  in  Fig.  6.19  have  the  same  meanings  as  those  in  Fig.  6.18.  The 
major  contributions  to  the  dose-equivalent  rate  are  from  primary  and  secondary 
protons  and  from  heavy  nuclei.  The  fact  that  the  heavy  nuclei  contribute 
appreciably  to  the  dose-equivalent  rate  and  not  to  the  absorbed-dose  rate 
is  due  to  the  large  quality  factor  (20)  that  is  associated  with  energy  depo- 
sition by  all  heavy  nuclei. 

The  contributions  to  the  absorbed  dose  and  dose  equivalent,  respective- 
ly, from  the  various  types  of  particles  are  shown  in  Figs.  6.20  and  6.21  as 
a function  of  depth  in  tissue  for  the  case  of  a solar— flare  proton  spectrum 
with  a characteristic  rigidity  of  100  MV  isotropically  incident  on  a 20-g-cm”2- 
thick  shield  of  polyethylene.  The  contributions  in  the  figures  have  the  same 
meanings  as  those  in  Figs.  6.18  and  6.19.  In  Figs.  6.20  and  6.21,  as  in 
Figs.  6.18  and  6.19,  the  primary  and  secondary  protons  are  the  major  con- 
tributors to  the  absorbed  dose,  and  the  primary  and  secondary  protons  and 
heavy  nuclei  are  the  major  contributors  to  the  dose  equivalent. 

The  magnitude  of  the  contribution  of  the  various  types  of  particles  to 
the  absorbed  dose  or  absorbed-dose  rate  and  the  dose  equivalent  or  dose- 
equivalent  rate  is  dependent  on  the  incident-particle  spectrum,  shield  thick- 
ness, and  shield  material,  but  the  results  for  the  other  cases  considered 
later  in  this  section  are  qualitatively  similar  to  those  shown  in  Figs.  6.18 
to  6.21.  Figures  analogous  to  Figs.  6.18  to  6.21  for  all  of  the  cases  con- 
sidered in  this  section  will  be  found  in  Appendix  3. 
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Fig.  6.20.  Contributions  from  the  various  types  of  particles  to  the 
absorbed  dose  as  a function  of  depth  in  tissue  when  a solar-flare  pfoton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 20-g-cm”2- thick  polyethylene  shield  (see  Fig.  3.1). 
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Fig.  6.21.  Contributions  from  the  various  types  of  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 20-g-cm  2-thick  polyethylene  shield  (see  Fig.  3.1). 
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The  total  absorbed-dose  rate  and  the  total  dose-equtvalenc  rate,  re- 
spectively, i.e.,  the  dose  rates  with  all  secondary  particles  included,  are 
shown  in  Figs.  6.22  and  6.23  (solid-line  histograms)  as  a function  of  depth 
in  the  tissue  sphere  for  a variety  of  incident  Van  Allen  belt  spectra,  shield 
thicknesses,  and  shield  materials.  The  total  absorbed  dose  and  the  total 
dose  equivalent,  respectively,  are  shown  in  Figs.  6.24  and  6.25  (solid-lint 
histograms)  for  a variety  of  incident  solar-flare  proton  spectra,  shield 
thicknesses,  &.«d  shield  materials.  Also  shown  in  the  figures  are  the  primary- 
proton  dose  rates  or  doses  (dashed-line  histograms)  as  a function  of  depth 
in  the  tissue  sphere.  The  primary-proton  doses  shown  in  the  figures  were 
obtained  with  the  effects  of  nuclear  collisions  included;  i.e.,  they  cor- 
respond to  what  has  previously  been  termed  as  the  nuclear  attenuated  prlaary- 
proton  doses,  since  the  particles  produced  by  these  collisions  have  been  ex- 
plicitly included  in  the  calculations.  In  order  to  obtain  adequate  statis- 
tical accuracy  in  the  Monte  Carlo  calculations,  the  doses  rt  the  center  of 
the  tissue  sphere  have  been  obtained  by  averaging  over  a tissue  sphere  of 
3 cm  in  radius. 

From  the  space-shielding  point  of  view,  the  important  quantity  is  the 
secondary-particle  contribution  to  the  dose  rates  or  doses  since  this  is  the 
quantity  that  must  be  neglected  or  drastically  approximated  in  routine  space- 
shielding calculations.  This  secondary-particle  contribution  is  given  by 
the  difference  between  the  corresponding  solid-  and  dashed-line  histograms 
in  Figs.  6.22  to  6.25.  Within  the  statistical  accuracy  attained,  the  cor- 
responding solid  and  dashed  histograms  have  a simiJar  shape,  so  very  approx- 
imately the  secondary-particle  contribution  to  the  various  doses  is  inde- 
pendent of  the  depth  in  tissue.  The  secondary-particle  contribution  is 
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Fig.  6.22.  Absorbed-dose  rate  vs  depth  in  tissue  for  Van  Allen  belt 
proton  spectra  isotropically  incident  on  spherical  shell  shields  of  various 
thicknesses  (see  Fig.  3.1). 
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Fig.  6.23.  Dose-equivalent  rate  vs  depth  in  tissue  for  Van  Allen  belt 
proton  spectra  isotropically  incident  on  spherical  shell  shields  of  various 
thicknesses  (see  Fig.  3.1). 


rt-*0»TT 


DEPTH  IN  TISSUE  (g  cm"*) 


^IMVI 

200 


200 


100 

100 

100 

K» 

100 

100 


100 


50 


50 


Fig.  6.24.  Absorbed  dose  vs  depth  In  tissue 
spectra  Isotropically  incident  on  spherical  shell 
nesses  (see  Fig.  3.1). 
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Fig.  6.25.  Dose  equivalent  vs  depth  in  tissue  for  solar-flare  proton 
spectra  Isotropically  incident  on  spherical  shell  shields  of  various  thick- 
nesses (see  Fig.  3.1). 
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never  large,  but,  as  one  expects,  the  secondary  particles  contribute  more 
to  the  dose-equivalent  rate  and  dose  equivalent  than  to  the  absorbed-dose 
rate  and  absorbed  dose.  There  is  some  tendency  for  the  secondary  particles 
to  contribute  more  in  the  case  of  a "hard”  incident  spectrum  (upper  seven 
histogram  sets  in  Figs.  6.22  and  6.23  and  upper  two  histogram  sets  in  Figs. 
6.24  and  6.25)  than  in  the  case  of  a "soft”  incident  spectrum  (lower  two 
histogram  sets  in  Figs.  6.22  to  6. 25).  The  magnitude  of  the  secondary- 
particle  contribution  is  not  strongly  dependent  on  shield  material.  It  is 
interesting  to  note  that  the  secondary— particle  contribution  to  the  various 
doses  is  not  a strongly  varying  function  of  shield  thickness  (note  fourth 
to  seventh  histogram  sets  from  the  tops  of  Figs.  6.22  and  6.23  and  the  third 
to  sixth  histogram  sets  from  the  tops  of  Figs.  6.24  and  6,25).  Even  for  a 
shield  thickness  of  75  g cnT2,  the  secondary-particle  contribution  to  the 
various  doses  is  not  significantly  larger  than  the  primary— particle  contri- 
bution. This  seems  to  contradict  some  of  the  previously  published  results107 
where  it  was  shown  that  the  secondary-particle  contribution  to  the  dose 
equivalent  became  comparable  to  the  primary-particle  contribution  for  much 
thinner  shields.  This  apparent  contradiction  is  presumably  due  to  the  fact 
that  the  geometry  considered  here  is  quite  different  from  the  geometry  used 
by  Irving  et  at . Irving  et  al . considered  the  case  of  isotropic  incidence 
on  a semi-infinite  slab  shield  followed  by  a 30-cm-thick  semi-infinite  slab 
of  tissue,  while  the  geometry  shown  in  Fig.  3.1  is  used  here.  Neither  geom- 
etry is  entirely  realistic,  and  therefore  the  fact  that  the  results  are 
geometry-dependent  must  be  borne  in  mind. 

107.  D.  C.  Irving  et  (it,  , "The  Secondary— Particle  Contribution  to  the  Dose 
from  Solar-Flare  Protons  Incident  Isotropically  on  Slab  Shields," 

Nucl.  Set.  Eng.  25,  373  (1966). 
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The  results  In  Figs*  6*22  to  6*25  are  also  of  Interest  because  they 
show  how  the  various  doses  vary  as  a function  of  depth  in  the  tissue  sphere. 
It  must  be  remembered  that  even  when  only  primary  particles  are  considered 
the  dose  calculations  are  relatively  simple  only  if  attention  is  restricted 
to  the  center  of  the  tissue  sphere.  The  histograms  in  Figs.  6.22  to  6.25 
indicate  that  the  variation  in  both  the  total  and  primary-proton  doses  over 
the  15  g cm*2  of  tissue  is  strongly  dependent  on  the  incident  spectrum.  For 
relatively  "hard”  incident  spectra  (upper  seven  histogram  sets  in  Figs.  6.22 
and  6.23  and  upper  two  histogram  sets  in  Figs,  6.24  and  6.25),  the  dose 
variation  over  the  15  g caf2  of  tissue  is  of  the  order  of  a factor  of  two. 
For  very  "soft”  incident  spectra  (lowest  two  histogram  sets  in  Figs.  6.22 
and  6.23),  the  doses  vary  by  a factor  of  100  over  the  15  g cm**2  of  tissue. 
The  magnitude  of  the  dose  variation  over  the  tissue  depth  is  smaller  for 
thick  shields  than  for  thin  shields,  as  may  be  seen  by  comparing  the  fourth 
to  seventh  histogram  sets  from  the  tops  of  Figs.  6.22  and  6.23  and  the  third 
to  sixth  histogram  sets  from  the  tops  of  Figs.  6.24  and  6.25.  In  general, 
then,  the  dose  values  at  the  center  of  the  tissue  sphere  cannot  be  taken  to 
be  representative  of  the  dose  values  throughout  the  sphere.  The  general 
subject  of  the  dose  variation  in  the  tissue  sphere  is  discussed  further  in 
Section  6*3.2. 
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6.3  THE  VALIDITY  OF  USING  ONLY  PRIMARY  PROTONS  IN  SHIELDING 

AGAINST  INCIDENT  PROTON  SPECTRA 

The  results  presented  in  Sections  6.1  and  6.2  are  compared  in  this 
section  in  order  to  obtain  estimates  of  the  errors  introduced  into  space- 
shielding calculations  by  neglecting  or  drastically  approximating  the 
secondary-particle  contribution  to  the  various  doses.  This  is  perhaps  the 
most  important  section  in  the  report  since  secondary  particles  in  general 
must  be  neglected  in  shielding  calculations  for  actual  spacecraft,  and  it 
is  in  this  section  that  this  procedure  is  to  some  extent  justified. 

6,3,:l  Primary-Proton  Transport  Without  Attenuation  from  Nuclear  Collisions 
as,  an  Approximate  Method  for  Including  the  Effects  of  Secondary 
Particles 

The  primary— proton  absorbed— dose  rate  and  dose— equivalent  rate,  re- 
spectively, at  the  center  of  the  tissue  sphere  are  shown  in  Figs.  6.26  and 
6.27  as  a function  of  spherical-shell-shield  thickness  for  a variety  of  in- 
cident Van  Allen  belt  spectra  and  shield  materials.  The  solid-line  curves 
give  the  results  when  the  attenuation  due  to  nuclear  collisions  is  neglected 
and  the  dashed-line  curves  give  the  results  when  this  attenuation  is  in- 
cluded. Also  shown  in  Figs.  6.26  and  6.27  as  plotted  points  are  the  absorbed- 
dose  rates  and  dose-equivalent  rates  obtained  by  including  secondary-particle 
production  and  transport.  The  plotted  points  in  Figs.  6.26  and  6.27  were 
obtained  by  adding  the  secondary-particle  contribution  to  the  dose  rates 
from  Figs.  6.22  and  6.23  to  the  primary-proton  dose  rates  given  by  TRAPP, 
i.e.,  to  the  dashed  curves  given  in  Figs.  6.26  and  6.27.  The  primary-proton 
dose  rates  at  the  center  of  the  tissue  sphere  given  by  TRAPP  are,  in  prin- 
ciple, the  same  as  those  given  by  NMTC,  but  the  TRAPP  results  are  preferable 
here  because  they  are  not  subject  to  the  statistical  uncertainties  inherent 
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in  the  NMTC  results  and  because  TRAPP  gives  the  dose  rates  at  the  geometric 
center  of  the  tissue  sphere  whereas  NMTC  gives  the  dose  rates  averaged  over 
a finite  region  (a  3-cm-radius  sphere  in  Figs.  6.22  and  6.23)  around  the 
center  of  the  tissue  sphere.  The  secondary-particle  contributions  to  the 
dose  rates  that  were  used  to  obtain  the  values  shown  by  the  plotted  points 
in  Figs.  6.26  and  6.27  were  obtained  by  averaging  over  a 3-cm-radius  region 
about  the  center  of  the  tissue  sphere.  The  error  bars  on  the  plotted  points 
in  Figs.  6.22  and  6.23  represent  one  standard  deviation  in  the  Monte  Carlo 
calculations  of  the  secondary-particle  contributions  to  the  dose  rates. 

When  no  error  bars  are  shown,  the  size  of  the  plotted  point  is  larger  than 
error . 

The  attenuated  and  unattenuated  primary-proton  absorbed  dose  and  dose 
equivalent,  respectively,  and  the  total  absorbed  dose  and  dose  equivalent, 
respectively  are  shown  in  Figs.  6.28  and  6.29  as  a function  of  shield  thick- 
ness for  a variety  of  incident  solar-flare  proton  spectra  and  shield  mater- 
ials. The  results  in  Figs.  6.28  and  6.29  were  obtained  in  the  same  manner 
as  those  in  Figs.  6.26  and  6.27. 

In  Fig.  6.26  for  all  incident  spectra  and  shield  materials  considered, 
the  total  absorbed-dose  rate  for  a given  shield  thickness  is  less  than  the 
unattenuated  primary-proton  absorbed-dose  rate  for  the  same  shield  thick- 
ness. In  Fig.  6.27  for  almost  all  incident  spectra  and  shield  materials 
considered,  the  total  dose-equivalent  rate  for  a given  shield  thickness  is 
less  than  the  unattenuated  primary-proton  dose-equivalent  rate  for  the  same 
shield  thickness.  The  exception  in  Fig.  6.27  is  for  a Van  Allen  belt  spec- 
trum, corresponding  to  an  altitude  of  1500  nautical  miles,  incident  on  a 
5-g-cnf2- thick  polyethylene  shield.  In  this  case,  the  total  dose-equivalent 
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rate  is  slightly  larger  than  the  unattenuated  primary-proton  dose-equivalent 
rate.  The  results  in  Figs.  6.28  and  6.29  are  similar  to  those  in  Figs.  6.26 
and  6.27;  i.e.,  the  unattenuated  primary-proton  absorbed  dose  for  a given 
shield  thickness  is  greater  than  the  total  absorbed  dose  for  the  same  shield 
thickness,  and,  similarly,  for  the  dose  equivalent. 

For  the  wide  range  of  incident  spectra,  shield  thicknesses,  and  shield 
materials  considered  in  Figs.  6.26  to  6.29  and  for  the  specific  geometry 
considered,  a conservative  estimate  of  the  various  doses  is  obtained  by  con- 
sidering unattenuated  primary  protons  only.  It  is  interesting  to  note  that 
this  is  true  in  the  particular  geometry  considered  here,  even  for  shield 
thicknesses  of  75  g cm"2.  The  overestimate  to  the  absorbed-dose  rate  in 
Fig.  6.26  and  the  absorbed  dose  in  Fig.  6.28,  obtained  by  considering  un- 
attenuated primary  protons  only,  is  in  general  larger  than  the  overestimate 
to  the  dose-equivalent  rate  in  Fig.  6.27  and  the  dose  equivalent  in  Fig.  6.29, 
obtained  by  considering  unattenuated  primary  protons  only.  On  the  basis  of 
the  results  shown  in  Figs.  6.26  to  6.29,  it  seems  clear  that  in  space-shielding 
calculations  when  secondary  particles  are  not  considered  and  when  Van  Allen 
belt  and  solar-flare  protons  are  incident  on  the  shield,  the  unattenuated 
primary-proton  flux  per  unit  energy  should  be  used  to  obtain  dose  estimates 
since,  for  radiation-protection  purposes,  it  is  preferable  to  obtain  an  over- 
estimate rather  than  an  underestimate  of  the  dose  or  dose  rate.  It  must  be 
emphasized,  however,  that  there  is  no  theoretical  reason  why  the  total 
absorbed-dose  rate  or  absorbed  dose  and  the  total  dose-equivalent  rate  or 
dose  equivalent  cannot  be  larger  than  the  estimates  of  these  quantities  ob- 
tained using  the  unattenuated  primary-proton  flux  per  unit  energy,  and  there- 
fore the  results  in  Figs.  6.26  to  6.29  cannot  be  taken  as  "proof"  that  dose 
estimates  obtained  with  unattenuated  primary  protons  will  always  be  conservative. 


6.3.2  A Method  for  Estimating  the  Dose  Variation  Over  a Tissue  Sphere 
at  the  Center  of  a Spherical  Shell  Shield 

Even  if  unattenuated  primary  protons  only  are  considered,  the  dose  cal- 
culations are  relatively  simple  only  if  attention  is  restricted  to  the  center 
of  the i tissue  sphere.  On  the  other  hand,  the  results  in  Figs.  6.22  to  6.25 
indicate  that  for  some  incident  spectra  there  is  a large  variation  between 
the  doses  at  the  surface  of  the  tissue  sphere  and  the  doses  at  the  center 
of  the  sphere.  Much  of  this  variation  is  due  to  the  presence  of  the  tissue, 
and  therefore  the  question  arises  as  to  whether  the  dose  at  the  center  of  a 
spherical  shell  shield  with  the  tissue  sphere  radius  set  equal  to  zero  is  a 
reliable  estimate  of  the  dose  at  the  surface  of  the  tissue  sphere. 

In  Table  6.1  the  attenuated  and  unattenuated  absorbed-dose  rates  and 
dose-equivalent  rates  at  the  center  of  various  shell-shield  thicknesses 
(with  rT  = 0)  and  for  various  incident  Van  Allen  belt  spectra  are  compared 
with  the  total  absorbed-dose  rate  and  dose-equivalent  rate  at  the  surface 
of  the  tissue  sphere.  The  total  dose  rates  at  the  surface  of  the  tissue 
sphere,  i.e.,  the  dose  rates  when  secondary  particles  are  included,  were  ob- 
tained by  averaging  over  a 1-cm  radial  interval,  as  shown  in  Figs.  6.22  and 
6.23.  The  errors  in  the  total  dose  rates  represent  one  standard  deviation 
the  Monte  Carlo  calculations.  In  Table  6.2  similar  comparisons  are  shown 
for  the  absorbed  dose  and  dose  equivalent  from  incident  solar— flare  proton 
spectra. 

For  all  cases  considered  in  Table  6.2,  the  unattenuated  and  attenuated 
primary-proton  absorbed-dose  rates  at  the  center  of  the  shield  are  larger 
than  the  total  absorbed-dose  rate  at  the  surface  of  the  tissue  sphere,  and 
the  unattenuated  and  attenuated  primary-proton  dose— equivalent  rates  at  the 
center  of  the  shield  are  larger  than  the  total  dose-equivalent  rate  at  the 
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TABU  6.1 

Sh.ll  "“'  “ ““  c"*"  «<  * Sph«l..i 

y"  <••« "«•  »•»  ztt  sarrsAg 


Orbital 

Inclination 

(deg) 


&nleld 

Material 

Aluminum 

Polyethylene 

Copper 

Polyethylene 

Polyethylene 

Polyethylene 

Polyethylene 

Aluminum 

Polyethylene 


Shield 
Thickness 
(g  c»“2) 


Primary 

Protons 

Without 

Attenuation 


Absorbed-Dose  Rate 
(rad  day"1) 

Primary 

Protons 

With 

Attenuation 


(rT  - 0) 


Total  at 
Surface 
of  Tissue 
Sphere 

(rT  ■ 15  g cm"2) 


7.07  > 

< 10“2 

5.79  > 

< 10“2 

3.96  X 10“2 
i 1.46  x io“3 

4.53  » 

< 10“2 

3.50  * 

I 10“2 

2.39  x io-2 
± 1.84  x io“ 3 

4.15  * 

10"2 

3.21  x 

10"2 

2.23  x io”2 
± 7.80  x lo"1* 

5.97  * 

101 

5.53  x 

101 

3.58  x iol 
t 9.31  * 10"1 

1.86  x 

101 

1.44  x 

101 

1.05  x lo* 
i 7.98  x io~l 

8.75  x 

10° 

5.70  x 

10° 

4.60  x io0 

t 2.02  x io"l 

1.90  x 

10° 

7.80  x 

10" 1 

6.30  x ic"l 
± 6.11  x io~2 

3.48  x 

10-6 

2.82  x 

10"6 

8.36  x io“7 
± 1.04  x io-7 

2.63  x 

10-7 

1.99  x 

10"7 

6.55  x io~8 
± 3.99  x io~3 

Primary 
Protons 
Without 
Attenuation 
(rT  - 0) 

8.46  x io*2 
5.18  x io~2 


Dose-Equivalent  Rate 
(rem  day"1) 

Primary 

Protons 

With 

Attenuation 


(rT  - 0) 

6.92  x 10" 2 
3.98  x io"2 


Total  at 
Surface 
of  Tissue 
Sphere 

, ■ 15  g cm"2) 


5.15  x io"2 
± 2.93  x io"3 

3.08  x io"2 
± 2.46  x xo" 3 


5.02 

X IO”2 

3.88  x 

IO'2 

3.07  x io~2 
± 2.08  x 10“ 3 

7.06 

X 101 

6.53  x 

10* 

4.65  x iol 

± 1.18  x ioO 

2.10 

x 10* 

1.62  x 

10 1 

1.37  x iol 

t 1.08  x io-l 

9./1 

x io0 

6.31  x 

10° 

5.62  * 10° 
± 2.47  x io"l 

2.10 

x 10° 

8.40  x 

10" 1 

7.34  x io“ l 

± 7.34  x io“ 2 

5.37 

* 10"6 

4.35  x 

10"  6 

1.18  x io“ 6 

± 1.51  x io“7 

3.72  : 

X 10“7 

2.81  x 

10-7 

9.03  x io“7 
i 6.41  x io“9 

TABLE  6.2 

Comparison  of  the  Primary  Proton  Absorbed  Dose  and  Dose  Equivalent  at  the  Center  of  a Spherical 
Shell  Shield  with  the  Total  Absorbed  Dose  and  Dose  Equivalent  at  the  Surface  of  the 
Tissue  Sphere  (see  Fig.  3.1)  for  Various  Incident  Solar-Flare  Proton  Spectra 


Absorbed  Dose  Dose  Equivalent 

(tad)  (reo) 


Characteristic 

Rigidity 

(MV) 

Shield 

Material 

Shield 
Thickness 
(g  cm”2) 

Primary 
Protons 
Without 
Attenuation 
(rT  - 0) 

Primary 

Protons 

With 

Attenuation 
(rT  - 0) 

Total  at 
Surface 
of  Tissue 
Sphere 

(rT  ■ 15  g cm’2) 

Primary 
Protons 
Without 
Attenuation 
(rT  - 0) 

Primary 

Protons 

With 

Attenuation 
<rT  - 0) 

Total  at 
Surface 
of  Tissue 
Sphere 

(rT  - 15  g cm-2) 

200 

Aluminum 

20 

2.58  * 101 

2.12  x iol 

1.51  x 101 
± 1.40  x 10° 

3.03  x io1 

2.48  * io1 

1.87  x io1 
± 1.70  x 10° 

290 

Polyethylene 

20 

1.77  x 101 

1.37  x 10* 

1.08  x 101 

± 4.97  x 10"1 

1.99  x io1 

1.54  x 10* 

1.43  x io1 
♦ 9.44  x IO"1 

100 

Aluminum 

5 

7.11  x 101 

6.71  x 101 

2.68  x 101 

t 1.47  x 10° 

1 .02  x io2 

9.61  x 10» 

3.55  x 10* 
± 2.38  x io° 

100 

Aluminum 

20 

7.58  x io° 

6.19  x io° 

3.30  x 10° 

± 1.45  x 10"> 

9.50  x 10° 

7.75  x 10° 

4.24  x io° 

± 2.58  x io“l 

100 

Aluminum 

35 

2.28  x 10° 

1.63  x 10° 

1.02  x io° 

± 7.45  * 10"2 

2.76  x 10° 

1.97  x 10° 

1.35  x io° 
± 1.30  x IO"1 

100 

Aluminum 

75 

2.88  x 10"1 

1.42  x 10”1 

9.73  x io"2 
± 7.88  x io-3 

3.22  x io-1 

1.65  » 10”1 

2.35  x io~ 1 
t 1.14  x io"1 

100 

Polyethylene 

20 

3.87  x 10° 

2.97  x 10° 

1.86  x io° 

± 7.44  x io-2 

4.57  * 10° 

3.50  * 10° 

2.42  x 10° 

± 1.36  * 10”1 

100 

Polyethylene 

35 

1.03  x 10° 

6.68  x 10”1 

4.87  x io*l 
± 3.11  x io”2 

1.18  x 10° 

7.64  * 10"1 

6.74  x io~ 1 
± 8.29  x io"2 

100 

Copper 

35 

3.36  * 10° 

2.59  x 10° 

1.61  x 10° 

± 6.28  x io”2 

4.24  x 10° 

3.26  * 10° 

2.14  x io° 

± 9.63  x 10~2 

50 

Aluminum 

20 

4.73  x 10"1 

3.85  x 10”1 

1.67  x io- 1 
± 2.30  x io"2 

6.46  * 10"1 

5.25  x io"1 

3.60  * io" 1 
± 1.75  * 10”1 

50 

Polyethylene 

20 

1.35  * 10”1 

1.03  * 10”1 

4.81  x io”2 
± 2.50  x IQ”3 

1.71  x 10”1 

1.30  * 10“l 

6.55  x io"2 
± 4.19  x io”3 
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surface  of  the  tissue  sphere.  For  the  cases  considered  in  Table  6.2,  the 

results  are  similar  to  those  in  Table  6.1,  except  in  one  case,  P = 100  MV 

o 

on  75  g cm- 2 of  aluminum,  the  attenuated  primary-proton  dose  equivalent  is 
less  than  the  total  dose  equivalent.  Thus  for  all  of  the  cases  considered, 
an  upper  limit  on  the  total  dose  rates  or  doses  at  the  surface  of  the  tissue 
sphere  is  given  by  the  unattenuated  primary-proton  dose  rates  or  doses  at 
the  center  of  the  shield  with  the  tissue  sphere  absent.  For  almost  all  cases 
tested,  a more  nearly  correct  estimate,  but  still  an  upper  bound,  is  given 
by  the  attenuated  primary-proton  dose  rate  or  dose.  It  must  be  emphasized 

that  the  results  in  the  tables  are  for  a very  special  geometry  and  may  be 
very  geometry-dependent. 

Dose  values  obtained  with  TRAPP  for  a large  variety  of  incident  Van 
Allen  belt  and  solar-flare  spectra  are  presented  in  Appendix  2.  For  each 
spectrum  considered,  data  obtained  with  attenuated  and  unattenuated  primary 
particles  and  with  rT  = 0 and  rT  = 15  g cm-2  are  given. 

6.4  SHIELDING  AGAINST  INCIDENT  ALPHA  PARTICLES 

Because  of  the  lack  of  information  concerning  particle  production  from 
high-energy  alpha-particle-nucleus  collisions,  shielding  calculations  for 
incident  alpha  particles  that  include  secondary-particle  production  and 
transport  are  not  available.  Therefore,  it  is  not  possible  to  estimate  the 
error  involved  in  utilizing  the  unattenuated  primary-alpha-particle  flux 
per  unit  energy  to  obtain  dose  estimates.  However,  lacking  other  informa- 
tion, this  would  seem  to  be  the  most  reasonable  approximation  to  make. 

There  is  also  no  specific  information  on  the  magnitude  of  the  variation 
of  the  dose  in  the  tissue  sphere  (Fig.  3.1)  in  the  case  of  incident  alpha 

particles,  but  when  only  primary  particles  are  considered,  some  information 
on  this  variation  is  given  in  Section  6.7. 
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Absorbed-dose  and  dose-equivalent  values  obtained  using  primary  par- 
ticles only  for  a variety  of  incident  solar-flare  alpha-particle  spectra  are 
given  in  Appendix  2.  For  each  spectrum  considered,  the  doses  at  the  center 
of  the  shield  obtained  with  both  attenuated  and  unattenuated  primary  par- 
ticles and  with  rT  = 15  g cm-2  and  rT  » 0 are  given. 

6.5  THE  VALIDITY  OF  THE  EQUIVALENT- THICKNESS  APPROXIMATION 

An  equivalent-thickness  approximation  was  described  in  Section  3.5  and 
some  information  on  the  parameters  that  occur  in  the  approximation  was  given 
in  Section  4.3.  In  this  section,  the  validity  of  the  approximation  is  ex- 
amined by  comparing  calculated  dose  results  obtained  with  the  approximation 
with  calculated  dose  results  obtained  without  the  approximation. 

All  of  the  calculated  data  presented  in  this  section  will  be  for  the 
geometry  shown  in  Fig.  3.1  with  rT  = 15  g cm'2.  All  of  the  dose  values 
given  are  for  the  center  of  the  tissue  sphere  and  were  obtained  using  the 
unattenuated  primary-particle  flux  or  fluence  per  unit  energy.  The  incident 
particle  flux  or  fluence  per  unit  energy  in  all  cases  is  that  described  in 
Sections  2.1.5  and  2.2.2.  The  standard  material  in  the  equivalent-thickness 

approximation  was  taken  to  be  aluminum,  and  in  general  for  all  materials 
(see  Section  4.3) 


K 


AvA£,p 


VE) 


sa*p<e> 


E = 50  MeV 


K 


A,A£,,a  = 


SAa<E> 


WE> 


E = 150  MeV 


At  the  end  of  this  section  some  data  for  other  choices  of  K are  given 

for  comparative  purposes.  Essentially  all  of  the  calculated ’results  pre- 
sented in  this  section  were  obtained  with  TRAPP.  In  the  case  of  the  equivalent 

thickness  approximation,  the  doses  were  obtained  by  interpolating  in  the  TRAPP 
results  for  aluminum  that  are  given  in  Appendix  2. 

The  absorbed-dose  rate  and  dose-equivalent  rate,  respectively,  at  the 
center  of  the  tissue  sphere  are  shown  in  Figs.  6.30  and  6.31  as  a function 
of  shield  thickness  for  several  incident  Van  Allen  belt  spectra  and  for  sev- 
eral shield  materials.  The  solid-line  curves,  labeled  "TRAPP,"  show  the 
dose  rates  when  the  stopping  powers  in  Figs.  4.1  and  4.3  are  used.  The 

points  show  the  dose  rates  obtains  ■»« 

e rates  obtained  in  the  equivalent-thickness  ap- 

proximation.  For  the  thinner  shields  « 30  g cm"*),  the  plotted  points  and 
solid  curves  are  in  excellent  agreement  in  all  cases  in  both  Figs.  6.30  and 
6.31.  In  the  case  of  aluminum,  the  approximation  gives  a very  good  estimate 
of  the  dose  rates  for  all  shield  thicknesses  and  for  all  incident  spectra 
considered  in  Figs.  6.30  and  6.31.  In  the  case  of  an  aluminum  shield,  since 
luminum  -s  used  as  the  standard  material,  the  equivalent-thickness  approx- 
imation is  inexact  only  for  the  tissue,  and  therefore  it  is  to  be  expected 
that  the  approximation  is  more  valid  in  this  case  than  in  the  case  of  other 
shield  materials.  In  the  case  of  polyethylene  and  copper  shields,  there  are 
slight  differences  between  the  plotted  points  and  solid  curves  at  the  larger 
thicknesses.  These  differences  are  most  apparent  in  tb,  case  of  very  soft 
spectra  (the  lower  two  curves  in  Figs.  6.30  and  6.31). 

The  absorbed  dose  and  dose  equivalent,  respectively,  at  the  center  of 
the  tissue  sphere  are  shown  in  Figs.  6.32  and  6.33  as  a function  of  shield 
thickness  for  several  incident  solar-flare  proton  spectra  and  for  several 
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SHIELD  THICKNESS  (g  cm'2) 


SHIELD 


Al 


POLYETHYLENE 

Cm 

Al 


POLYETHYLENE 

Cu 


Al 


Cu 


POLYETHYLENE 


Fig.  6,30.  Absorbed-dose  rate  from  unattenuated  primary  protons  at 
the  center  of  the  tissue  sphere  vs  spherical -shell-shield  thickness  for 
various  incident  Van  Allen  belt  spectra. 
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Fig.  6.31. 
the  center  of  the 
various  incident 


Dose-equivalent  rate  from  unatt.nuated  primary  proton. 

v^xitn  :;.c?r"lcal"*h‘!U',hi*id  thickn- 


SHIELD 


^ (MV) 

200  Al 

200  POLYETHYLENE 
200  Co 

<00  Al 

too  polyethylene 
too  Co 


90  Al 

50  POLYETHYLENE 
50  Co 


Fig.  6.32.  Absorbed  date  fro*  unattenuated  primary  protons  at  the 
CMtur  cf  the  tlaau.  aphera  va  aph.rlcal-ah.ll-ahl.ld  thickness  for  v.rioi 
Incident  solar-flare  proton  spectra. 


SHIELD  THICKNESS  (q  cm  *) 


£ (MV)  SHIELD 
200  Al 

200  polyethylene 

200  cu 

•00  Al 

*00  POLYETHYLENE 

100  d» 


50  Al 

30  POLYETHYLENE 
50  Cw 


center  of  the  tissue^phere^s  sphe^cal^^n!^  prl“ry  Prot<>ne  at  the 
incident  solar-flare  proton  spectra.  * ~*hield  th*cknaaa  for  various 
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shield  materials . The  comparisons  in  Figs.  6.32  and  6.33  are  quite  similar 
to  those  in  Figs.  6.30  and  6.31. 

The  absorbed  dose  and  dose  equivalent,  respectively,  at  the  center  of 
the  tissue  sphere  are  shown  in  Figs.  6.34  and  6.35  as  a function  of  shield 
thickness  for  several  incident  solar-flare  alpha-particle  spectra  and  sev- 
®^1  shield  materials • The  errors  introduced  by  using  the  equivalent- 
thickness  approximation  for  alpha  particles  are  slightly  larger  at  the  larger 
shield  thicknesses  than  those  introduced  by  using  the  approximation  for  pro- 
tons. 

The  comparisons  shown  in  Figs.  6.30  to  6.35  are  based  on  a particular 
choice  of  the  energy  at  which  the  stopping-power  ratios  are  evaluated  to  find 
the  constants  ^ ^ that  occur  in  the  equivalent— thickness  approximation. 
These  comparisons  are  not,  however,  strongly  dependent  on  the  choice  of  this 
energy.  To  show  this,  the  dose  values  for  shield  thicknesses  of  2 and  100  g 
cm  2 are  given  in  Tables  6.3  to  6.5  for  several  different  values  of  K 

A,  A&,  j 

The  incident  spectra  and  shield  materials  considered  in  the  tables  are  the 
same  as  those  considered  in  the  figures.  The  values  given  in  the  columns 
labeled  TRAPP  are  the  same  as  those  shown  by  the  corresponding  solid  curves 
in  Figs.  6.30  to  6.35.  Similarly,  the  values  given  in  Tables  6.3  and  6.4 
when  the  stopping-power  ratios  are  evaluated  at  E * 50  MeV  correspond  to  the 
plotted  points  in  Figs.  6.30  to  6.33,  and  the  values  given  in  Table  6.5 
when  the  stopping-power  ratios  are  evaluated  at  150  MeV  correspond  to  the 
plotted  points  in  Figs.  6.34  and  6.35. 

In  general , the  equivalent- thickness  approximation  gives  good  results 
for  both  protons  and  alpha  particles  and  can  be  used,  therefore,  to  sub- 
stantially reduce  the  computational  effort  required  to  carry  out  space- 
shielding calculations  based  on  unattenuated  primary  particles  only. 
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Pq  (MV) 
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Fig.  6.35.  Dose  equivalent  from  unattenuated  primary  alpha  particles 
at  the  center  of  the  tissue  sphere  vs  spherlcal-shell-shleld  thickness  for 
various  Incident  solar-flare  alpha-particle  spectra. 


TABLE  6.3 

S.«.ltivlty  of  Obtained  with  th.  E„ulv.l.nt-Thickn...  Approbation 

tD  th*  Ch°tC*  °f  KA.A1.p  for  V.n  Allen  Belt  Spectra 


Unattenuated  Prlnsry  Proton  Absorbed-Dose  Rote 


(r.  “ 15  g ci*'j 

f r Art  ^ 


Unattenuated 


Primary  Proton  Dose- Equivalent  Rate 
(r-  - 15  q cm-2) 

(rem  day"*) 


Altitude  Orbital  Shield 

(nautical  Inclination  Shield  Thickness 

■lies)  (deg)  Material  (g  c»-2) 
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TABLE  6.4 


Sensitivity  of  Dose  Results  Obtained  with  the  Equivalent-Thickness  Approximation 


to  the  Choice  of  p for  Incident  Solar-Flare  Proton  Spectra 


Unattenuated  Primary  Proton  Absorbed  Dose 
(r_  • 15  g cm"2) 


Character- 

istic 

Rigidity  Shield 
(MV)  Material 


A.Ai.p 


■ 15  g cm"2) 
(rad) 

KA,At,p 


Unattenuated  Primary  Proton  Dose  Equivalent 
(rT  - 15  g cm"2) 

(rem) 


A.Ai.p 


Shield 
Thickness 
(g  cm"2) 


1A0LC  0*3 


Character- 

istic 

Ugldity  Shield 
CMV)  Material 

200  AIiaIoum 

200  Alualms 

200  Polyethylene 

200  Polyethylene 

200  Copper 

200  Copper 

100  AluBlnue 

100  Alialnua 

100  Polyethylene 

100  Polyethylene 

100  Copper 

100  Cooper 

50  Altalmn 

SO  AluBlnifli 

SO  Polyethylene 

50  Polyethylene 

50  Copper 

SO  Copper 


Sensitivity  of  Dose  Results  Obtained  vith  the  Equlvalent-Thitkn***  4 4 

to  the  choice  of  rA  At  a for  Incident  UtSSSTuSSSSJ^SS^ 


Unattenuated  Prlnary  Alpha-Particle  Absorbed  Dose 


■ 15  g ca~2) 
(rad) 


Shield 

Thickness 

(s  <*-*) 


A.Ai.o 

.ff^l  JIao]  .fvj 

At<1  Pa  ion  MaU  ^ A*o-  _ •>.  u.w  t^AlaJ 
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[ 6.6  THE  VALIDITY  OF  THE  ANALYTIC  STOPPING-POWER  APPROXIMATION 

| 

i*. 

An  analytic  stopping-power  approximation  was  described  in  Section  3.6, 
and  information  on  the  extent  to  which  the  proton  and  alpha— particle  stop- 
ping powers  could  be  fitted  by  expressions  of  the  form  described  in  Sec- 
tion 3.6  was  given  in  Section  4.4.  In  this  section,  the  validity  of  using 


the  analytic  expressions  for  the  stopping  powers  is  examined  by  comparing 
calculated  dose  results  obtained  using  the  approximate  expressions  with  cal- 
culated dose  results  obtained  without  the  approximation. 

All  of  the  calculated  data  presented  in  this  section  are  for  the  geom- 
etry shown  in  Fig.  3.1  with  rT  = 15  g cm"2.  All  of  the  dose  values  given 
^or  the  center  of  the  tissue  sphere  and  were  obtained  using  the  unatten— 
uated  primary-particle  flux  or  fluence  per  unit  energy.  The  incident  par- 
ticle flux  or  fluence  per  unit  energy  in  all  cases  is  that  described  in 
Sections  2.1.5  and  2.2.2.  In  the  case  of  incident  alpha  particles,  results 
are  given  for  two  different  sets  of  analytic  stopping-power  parameters.  In 
one  series  of  calculations,  the  alpha-particle  parameters  given  by  Hill  et 
at.80  were  used,  and  in  a second  series  of  calculations,  the  alpha-particle 
parameters  obtained  by  scaling  the  proton  parameters  of  Hill  et  at . (see 
Eqs.  4.15  to  4.17)  were  used.  All  of  the  calculations  described  in  this 
section  were  done  with  the  code  TRAPP. 

The  absorbed— dose  rate  and  the  dose— equivalent  rate,  respectively,  at 
the  center  of  the  tissue  sphere  are  shown  in  Figs.  6.36  and  6.37  as  a function 
of  shield  thickness  for  several  incident  Van  Allen  belt  spectra  and  several 
materials.  The  solid-line  curves,  labeled  "TRAPP,"  give  the  dose  rates 
when  the  energy-dependent  stopping  powers  shown  in  Fig.  4.1  are  used.  The 
Plotted  points  give  the  dose  rates  when  the  analytic  expressions  for  the 
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proton  stopping  powers  are  used.  For  the  thinner  shields  30  g cm“2), 
the  plotted  points  and  solid  curves  are  in  good  agreement  in  all  cases  con- 
sidered in  both  Figs.  6.36  and  6.37.  For  the  thicker  shields  and  particu- 
larly for  the  softer  incident  spectra,  there  are  some  differences  between 
the  plotted  points  and  the  solid  curves.  In  the  figures,  the  error  intro- 
duced by  the  analytic  stopping-power  approximation  appears  to  be  largest  in 
the  case  of  a copper  shield  and  smallest  in  the  case  of  a polyethylene  shield. 

In  this  regard,  however,  it  must  be  remembered  that  the  parameter  h has 

P 

been  taken  to  be  the  same  for  all  materials  and,  on  the  basis  of  the  results 
shown  in  Table  4.2,  the  value  used  (hp  = 1.775)  is  not  the  optimum  choice 
for  all  of  the  materials  considered.  It  must  also  be  remembered,  however, 
that  when  the  analytic  stopping-power  approximation  is  used  in  the  manner 
described  in  Section  3.6  the  value  of  hp  must  be  chosen  to  be  the  same  for 
all  materials  in  the  shield. 

The  absorbed  dose  and  dose  equivalent,  respectively,  at  the  center  of 
the  tissue  sphere  are  shown  in  Figs.  6.38  and  6.39  as  a function  of  shield 
thickness  for  several  incident  solar-flare  proton  spectra  and  for  several 
shield  materials.  The  solid  curves  and  plotted  points  in  Figs.  6.38  and 
6.39  have  the  same  meanings  as  in  Figs.  6.36  and  6.37,  and  the  comparisons 

in  Figs.  6.38  and  6.39  are  very  similar  to  those  shown  in  Figs.  6.36  and 
6.37. 

The  absorbed  dose  and  dose  equivalent,  respectively,  at  the  center  of 
the  tissue  sphere  are  shown  in  Figs.  6.40  and  6.41  as  a function  of  shield 
thickness  for  several  incident  solar-flare  alpha-particle  spectra  and  for 
several  shield  materials.  The  solid  curves  and  plotted  points  have  the 
same  meanings  as  in  Figs.  6.36  to  6.39.  The  analytic  stopping-power  param- 
eters given  by  Hill  et  al.80  were  used  in  obtaining  the  plotted  points  shown 
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Fig.  6. AO.  Absorbed  dose  from  unattenuated  primary  alpha  particles 
at  the  center  of  the  tissue  sphere  vs  spherical-shell-shield  thickness  for 
various  incident  solar-flare  alpha^partlcle  spectra. 
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in  Figs.  6.40  and  6.41.  The  errors  introduced  by  the  analytic  stopping- 
power  approximation  with  the  parameters  of  Hill  et  al . in  the  case  of  inci- 


dent alpha  particles  become  very  large  as  the  shield  thickness  increases. 
The  poor  results  shown  in  Figs.  6.40  to  6.41  are  probably  to  be  attributed 
to  the  fact  that  the  analytic  stopping-power  expression  with  the  parameters 
of  Hill  et  al . does  not  represent  at  all  well  the  alpha-particle  stopping 


power  at  energies  above  ~ 1 GeV  (see  Fig.  4.8). 

Absorbed-dose  and  dose-equivalent  results  analogous  to  those  shown  in 
Figs.  6.40  and  6.41  are  presented  in  Figs.  6.42  and  6.43.  The  solid  curves 


in  Figs.  6.42  and  6.43  are  the  same  as  those  in  Figs.  6.40  and  6.41.  The 

plotted  points  were  obtained  using  the  analytic  stopping-power  approximation 

with  parameters  obtained  by  using  the  proton  parameters  of  Hill  et  al, 

(h  = 1.775  for  all  materials)  and  the  scaling  law  expressed  by  Eqs.  4.15 
P 

to  4.17.  The  errors  introduced  by  using  the  analytic  stopping-power  approx- 
imation with  the  scaled  parameters  are  not  excessive,  except  possibly  for 
very  steep  incident  spectra  and  very  thick  shields,  and  are  considerably 


smaller  than  those  introduced  by  using  the  Hill  et  al,  analytic  stopping- 


power  parameters.  On  the  basis  of  the  results  in  Figs.  6.40  to  6.43,  it 

I 

I seems  clear  that  when  the  analytic  stopping-power  approximation  is  used  for 

I incident  alpha  particles,  the  parameters  should  be  obtained  by  scaling  the 

j proton  parameters . 

| In  general,  the  analytic  stopping-power  approximation,  with  appropri- 

I 

| ately  chosen  parameters,  gives  reliable  results  for  both  protons  and  alpha 

I 

I 

| particles  and  therefore  can  be  used  to  substantially  reduce  the  computation- 

al effort  required  to  carry  out  space-shielding  calculations  based  on  un- 
attenuated primary  particles  only. 


II 
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6.7  THE  USE  OF  THE  EQUIVALENT- THICKNESS  APPROXIMATION  AND  THE 
ANALYTIC  STOPPING-POWER  APPROXIMATION  IN  COMPLEX  GEOMETRIES 

In  the  previous  two  sections,  the  validity  of  the  equivalent- thickness 
approximation  and  the  analytic  stopping-power  approximation  has  been  con- 
sidered in  the  case  of  a simple  geometry,  i.e.,  in  the  case  of  the  dose  at 
the  center  of  the  geometric  configuration  shown  in  Fig.  3.1.  The  power  of 
these  approximation  methods  lies  in  the  fact  that  they  may  be  used  to  obtain 
dose  estimates  in  very  complex  geometric  structures  such  as  actual  space- 
craft. In  this  section,  results  obtained  with  the  code  MEVDP , 7 5 which  uti- 
lizes the  equivalent-thickness  approximation  and  which  is  capable  of  treat- 
ing complex  geometries,  and  results  obtained  with  the  code  LSVDC4,  78  which 
utilizes  the  analytic  stopping-power  approximation  and  which  is  capable  of 
treating  complex  geometries,  are  presented  and  compared.  The  calculated 
dose  results  obtained  with  MEVDP  and  LSVDC4  are  also  compared  with  calcu- 
lated dose  results  that  include  a contribution  from  particles  produced  by 
nuclear  reactions. 

The  geometry  considered  in  this  section  is  that  shown  in  Fig.  3.1  with 
r*j»  * 15  g cm  2.  In  this  section,  however,  dose  results  are  presented  as  a 
function  of  depth  in  the  tissue  sphere,  while  in  Sections  6.5  and  6.6  dose 
results  are  presented  only  at  the  center  of  the  tissue  sphere.  The  codes 
MEVDP  and  LSVDC4  are  capable  of  treating  much  more  complex  geometries  than 
that  shown  in  Fig.  3.1.  However,  the  calculation  of  the  dose  at  points 
other  than  the  center  of  the  tissue  sphere  tests  the  ability  of  the  code  to 
treat  complex  geometries;  i.e.,  the  angular  integrations  in  Eqs.  3.15  and 
3.16  cannot  be  carried  out  trivially,  and  in  this  geometry  the  calculated 
results  obtained  with  MEVDP  and  LSVDC4  may  be  compared  with  those  from  NMTC 
presented  in  Section  6.2. 
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The  equivalent-thickness  approximation  usually  used  in  MEVDP  is  slightly 
different  from  that  described  in  Section  3.5  in  that  in  MEVDP  the  equivalent- 
thickness  approximation  is  based  on  an  assumed  analytic  form  for  the  stop- 
ping power  as  a function  of  energy.  Since  the  equivalent- thickness  approx- 
imation constants  are  inputs  to  MEVDP,  it  is  possible  to  utilize  in  the  code 
the  form  of  the  approximation  described  in  this  report,  and  this  has  been 
done;  i.e.,  in  the  calculations  reported  later  in  this  section,  the  equiva- 
lent material  has  been  taken  to  be  aluminum,  and  the  constants  used  are  those 
given  by  Eqs.  4.10  and  4.11.  To  carry  out  the  dose  calculations,  it  is 
necessary  to  know  the  dose  as  a function  of  the  thickness  of  the  equivalent 
material.  In  the  version  of  MEVDP  available  from  the  Radiation  Shielding 
Information  Center,  these  dose  values  must  be  supplied  by  the  user.  In  the 
calculations  reported  here,  the  dose  values  from  unattenuated  primary  par- 
ticles in  aluminum  obtained  from  TRAPP  and  given  in  Appendix  2 were  used. 

Dose  values  at  shield  thicknesses  not  explicitly  given  in  Appendix  2 were 
obtained  using  3-point  Lagrangian  interpolation.  As  an  option,  one  may  ob- 
tain from  MEVDP  a least-square  fit  to  the  cumulative  solid-angle-vs-thickness 
data  obtained  with  the  code.  This  option  can  be  useful  in  treating  very 
complex  geometries,  but  it  was  not  utilized  in  the  calculations  presented 
here;  i.e.,  the  dose  calculations  were  obtained  by  summing  the  contribution 
from  each  solid-angle  element  considered  in  MEVDP. 

The  code  LSVDC4  utilizes  the  analytic  stopping-power  approximation  in 
the  form  described  in  Section  3.6.  In  the  calculations  for  incident  protons, 
the  value  h^  = 1,775  with  the  associated  values  of  a^p  and  b^,  given  by 

*There  is  in  LSVDC4  an  option  for  including  in  an  approximate  manner  the 
contribution  from  nuclear-reaction  products.  This  option  was  not  used 
in  the  work  reported  here. 
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Hill  et  at.  (see  Table  4.2)  was  used  for  all  materials.  The  only  exception 
to  this  statement  is  that  the  value  hp  = 1.800  was  used  for  tissue  in  the 
dose  integrals  since  the  value  of  hp  for  tissue  in  the  dose  integrals  does 
not  have  to  correspond  to  the  value  of  hp  used  in  the  transport  calculations. 
In  the  calculations  for  incident  alpha  particles,  the  analytic  stopping- 
power  parameters  given  by  the  scaling  Eqs.  4.15  to  4.17  and  the  proton  param- 
eters hp  * 1.775  have  been  used  for  all  materials.  The  analytic  stopping- 
power  parameters  for  alpha  particles  given  by  Hill  et  al . have  not  been  con- 
sidered in  this  section  because  of  the  large  errors  shown  in  Figs.  6.40  and 


6.41. 


The  absorbed-dose  rate  is  shown  in  Fig.  6.44  as  a function  of  depth  in 
the  tissue  sphere  for  a variety  of  incident  Van  Allen  belt  proton  spectra, 
shield  thicknesses,  and  shield  materials.  The  histogram  gives  the  results 
when  secondary-particle  production  and  transport  are  included.  The  histo- 
gram data  are  the  same  as  those  shown  in  Fig.  6.22.  The  solid  curves  give 
the  results  obtained  with  MEVDP  and  the  plotted  points  show  the  results  ob- 
tained with  LSVDC4.  For  an  incident  Van  Allen  belt  spectrum  corresponding 
to  an  altitude  of  6000  nautical  miles  and  an  orbital  inclination  of  30°, 
absorbed-dose-rate  results  from  LSVDC4  are  not  given  in  the  figure  because 

it  has  been  found  that  this  code  is  not  operable  for  very  steep  incident 
* 

spectra. 

In  both  MEVDP  and  LSVDC4,  the  absorbed-dose  rate  is  calculated  with 

the  unattenuated  primary-particle  flux.  The  differences  between  the  MEVDP 

results  and  the  NMTC  results  shown  in  the  figure  are  due  to  the  use  of  the 

*In  LSVDC4  the  incident  energy  spectrum  is  fitted  by  a series  of  power  laws 
in  different  energy  regions.  In  the  case  of  a very  steep  incident  spectrum, 
the  numerical  procedure  used  to  determine  these  power-law  fits  leads  to  verv 
arge  numbers,  and  the  code  will  not  operate  because  of  "exponential  over- 
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unattenuated  primary-particle  flux  and  to  the  use  of  the  equivalent-thickness 
approximation  in  MEVDP.  The  differences  between  the  LSVDC4  results  and  the 
NMTC  results  shown  in  the  figure  are  due  to  the  use  of  the  unattenuated 
primary-particle  flux  in  LSVDC4  and  to  the  use  of  the  analytic  stopping- 
power  approximation  in  LSVDC4.  It  is  interesting  to  note  that  the  errors 
introduced  by  using  MEVDP  and  LSVDC4  are  very  approximately  independent  of 
tissue  depth  and  lead  to  an  overestimate  of  the  absorbed-dose  rate.  This 
over estimation  increases  with  shield  thickness  in  the  geometry  being  con- 
sidered. In  all  cases  where  absorbed-dose-rate  results  from  both  MEVDP  and 
LSVDC4  are  given,  they  are  in  excellent  agreement. 

In  Fig.  6.45  the  dose-equivalent  rate  as  a function  of  depth  in  tissue 
is  shown  for  a variety  of  incident  Van  Allen  belt  spectra,  shield  thicknesses, 
and  shield  materials.  The  histograms  show  the  results  from  NMTC  and  the 
solid  lines  show  the  results  from  MEVDP.  Results  from  LSVDC4  are  not  shown 
since  this  code  does  not  calculate  the  dose-equivalent  rate.  It  should  be 
noted  that  for  most  of  the  cases  considered  and  at  all  tissue  depths  the 
dose-equivalent  rate  from  MEVDP  is  a good  approximation  to  the  dose-equivalent 
rate  from  NMTC. 

The  absorbed  dose  and  dose  equivalent,  respectively,  are  shown  In 
Figs.  6.46  and  6.47  as  a function  of  depth  in  tissue  for  a variety  of  inci- 
dent solar-flare  proton  spectra,  shield  thicknesses,  and  shield  materials. 

The  histograms,  curves,  and  points  have  the  same  meanings  in  Figs.  6.46  and 
6.47  as  in  Figs.  6.44  and  6.45.  In  Fig.  6.46  results  from  LSVDC4  are  not 
given  for  Pq  — 50  MV  because  this  spectrum  is  too  steep  to  be  treated  (see 
footnote  on  page  200) • The  same  difficulty  that  prevents  LSVDC4  from  oper- 
ating for  an  incident  spectrum  with  Pq  = 50  MV  also  prevents  the  treatment 
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of  the  higher  energy  (*>  1000  MeV)  incident  protons  in  the  case  of  P ■ 100  MV 

o 

and  Pq  * 200  MV,  However,  for  the  shield  thicknesses  considered  in  Fig.  6.46, 
these  higher  energy  incident  protons  do  not  contribute  appreciably  to  the 
absorbed  dose  and  may  be  neglected. 

The  absorbed  dose  and  dose  equivalent,  respectively,  for  a variety  of 
incident  solar-flare  alpha-particle  spectra,  shield  materials,  and  shield 
thicknesses  are  presented  in  Fig s.  6.48  and  6.49.  The  solid  curves  in  both 
figures  show  the  results  from  MEVDP  and  the  plotted  points  in  Fig.  6.48  show 
the  results  from  LSVDC4.  Results  from  NMTC  are  not  given  since  this  code  is 
not  capable  of  treating  incident  alpha  particles.  Results  from  LSVDC4  for 
PQ  ■ 50  MV  are  not  given  in  Fig.  6.48  since  this  code  is  not  operable  for 
this  incident  spectrum.  In  the  case  of  Pq  - 100  MV,  it  was  possible  in  LSVDC4 
to  treat  incident  alpha  particles  of  1500  MeV.  The  error  caused  by  neglect- 
ing these  higher  energy  alpha  particles  is  not  appreciable  for  most  of  the 
shield  thicknesses  considered.  The  absorbed  dose  from  LSVDC4  in  the  case  of 
an  aluminum  shield  of  75-g-cm“2  thickness,  however,  is  somewhat  less  than 
that  given  by  MEVDP,  and  this  may  be  due  to  the  higher  energy  particles  that 
were  neglected  in  LSVDC4.  Since  the  contribution  to  the  absorbed  dose  and 
dose  equivalent  from  particles  produced  by  nuclear  reactions  is  not  known 
in  the  case  of  incident  alpha  particles,  the  errors  associated  with  the  data 
given  in  Figs.  6.48  and  6.49  are  not  known.  However,  because  of  the  lack  of 
more  definitive  information,  it  seems  reasonable  to  accept  the  dose  results 
in  Figs.  6.48  and  6.49  as  estimates  of  the  doses  as  a function  of  depth  in 
the  tissue  from  incident  solar-flare  alpha-particle  spectra. 
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Chapter  7 

THE  CALCULATED  ABSORBED-DOSE  RATE  AND  DOSE-EQUIVALENT 
RATE  FROM  GALACTIC  COSMIC-RAY  PROTONS 

In  this  chapter  numerical  results  pertaining  to  the  shielding  of  space 
vehicles  against  galactic  cosmic-ray  protons  are  presented  and  discussed. 

The  interesting  case  of  galactic  cosmic-ray  proton  bombardment  of  the  moon 
is  not  considered  here,  but  calculated  results  for  this  case  may  be  found 
in  Refs.  35  and  108.  Shielding  against  the  heavier  galactic  cosmic  rays  is 
not  considered  in  this  chapter  because  the  differential  cross-section  data 
required  to  take  into  account  the  production  and  transport  of  the  nuclear- 
reaction  products  produced  by  these  heavier  nuclei  are  not  available.  Some 
very  approximate  information  on  shielding  against  galactic  cosmic-ray  alpha 
particles  and  heavier  nuclei  is  given  in  Appendix  4. 

7.1  THE  SECONDARY-PARTICLE  CONTRIBUTION  TO  THE  ABSORBED- DOSE 
RATE  AND  DOSE- EQUIVALENT  RATE  FOR  INCIDENT  GALACTIC 

COSMIC-RAY  PROTONS 

Because  of  the  higher  energies  involved,  shielding  calculations  that 
include  the  secondary  particles  produced  by  nuclear  interactions  and  the 
transport  of  these  particles  are  more  difficult  in  the  case  of  incident 
galactic  cosmic-ray  protons  than  in  the  case  of  incident  Van  Allen  belt  and 
solar-flare  protons.  However,  a computer  code,  HETC,70*71  capable  of  carry- 
ing out  such  calculations  is  available,  and  therefore  in  typical  cases  esti- 
mates of  the  secondary-particle  contribution  to  the  absorbed-dose  rate  and 
to  the  dose-equivalent  rate  can  be  obtained.  The  differential  particle- 
production  cross  sections  at  energies  above  3 GeV,  which  are  used  in  HETC, 

108.  T.  W.  Armstrong,  "Calculation  of  the  Lunar  Photon  Albedo  from  Galactic 
and  Solar  Proton  Bombardment,"  J.  Geophys.  Res.  77.*  524  (1972). 
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are  very  approximate, 109  but  nevertheless  calculated  results  obtained  with 
HETC  have  been  found  to  be  in  good  agreement  with  experimental  data. 99 
In  this  section,  the  results  of  calculations  carried  out  with  HETC  for  the 
geometry  shown  in  Fig.  3.1  and  rT  * 15  g cm"2  are  presented  and  discussed. 

The  details  of  the  calculations  and  some  additional  results  are  given  in 
Appendix  3. 

Calculations  have  been  carried  out  for  the  solar-minimum  proton  spec- 
trum shown  in  Fig.  2.20,  isotropically  incident  on  aluminum  shields  of  thick- 
nesses of  5,  20,  and  35  g cm"2  and  for  the  solar-maximum  proton  spectrum 
shown  in  Fig.  2.20,  isotropically  incident  on  a 35-g-cm”2- thick  aluminum 
shield.  The  contributions  to  the  absorbed-dose  rate  are  shown  in  Fig.  7.1 
as  a function  of  depth  in  the  tissue  sphere  for  the  case  of  the  solar-minimum 
proton  spectrum  incident  on  the  20-g-cm"2- thick  aluminum  shield.  The  con- 
tributions to  the  dose-equivalent  rate  are  shown  in  Fig.  7.2  as  a function 
of  depth  in  the  tissue  sphere  for  the  same  case.  The  individual  histograms 
in  Figs.  7.1  and  7.2  have  the  same  meanings  as  those  in  Figs.  6.18  to  6.20. 
The  total  absorbed-dose  rate  and  total  dose-equivalent  rate  are  obtained  by 
sdding  the  individual  contributions  in  Figs.  7.1  and  7.2,  respectively.  In 
Fig.  7.1  the  primary  protons  and  secondary  protons  are  the  major  contributors 
to  the  absorbed-dose  rate.  In  Fig.  7.2  the  primary  protons,  the  secondary 
protons,  and  the  heavy  nuclei  are  the  major  contributors  to  the  total  dose- 
equivalent  rate.  Figures  analogous  to  Figs.  7.1  and  7.2  for  the  other  cases 
considered  in  this  section  are  presented  in  Appendix  3. 

109.  T.  A.  Gabriel,  R.  G.  Alsmiller,  Jr.,  and  M.  P.  Guthrie,  "An  Extrapola- 
tion Method  for  Predicting  Nucleon  and  Pion  Differential  Production 
Cross  Sections  from  High-Energy  (>  3 GeV)  Nucleon-Nucleus  Collisions," 
Oak  Ridge  National  Laboratory  Report  ORNL-4542,  1970. 
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Fig.  7.1.  Contributions  from  the  various  types  of  particles  to  the 
absorbed -dose  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 20-g-cnf 2- 
thick  aluminum  shield  (see  Fig.  3.1). 
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^8*  7.2,  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 20-e-cm”2- 
thick  aluminum  shield  (see  Fig.  3.1). 
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The  total  absorbed-dose  rate,  i.e.,  the  absorbed-dose  rate  with  the 
contribution  from  primary  protons  and  all  secondary  particles  included,  and 
the  absorbed-dose  rate  from  attenuated  primary  protons  are  shown  in  Fig.  7.3 
as  a function  of  depth  in  the  tissue  for  the  four  cases  considered  here.  The 
total  absorbed-dose  rate  is  shown  by  the  solid  histograms  and  the  attenuated 
primary-proton  absorbed-dose  rate  is  shown  by  the  dashed  histograms.  In 
Fig.  7.4  analogous  results  for  the  dose-equivalent  rate  are  presented.  The 
plotted  points  at  15  g cm  2,  labeled  "unattenuated  primary  protons"  in 
Figs.  7.3  and  7.4,  will  be  discussed  in  the  next  section.  It  should  be 
noted  that  the  results  in  Figs.  7.3  and  7,4  are  given  on  a per-second  basis. 
To  obtain  the  doses  that  would  be  received  on  extended  missions  outside  the 
earth’s  magnetosphere  the  values  given  must  be  multiplied  by  the  mission 
duration  in  seconds. 

The  difference  between  the  solid-  and  dashed-line  histograms  gives  the 
secondary— par  tide  contribution  to  the  total  dose.  In  contrast  to  the  re- 
sults shown  in  Figs.  6.18  to  6.20  for  Van  Allen  belt  and  solar-flare  incident 
spectra,  the  secondary  particles  in  the  case  of  incident  galactic  cosmic-ray 
protons  contribute  appreciably  to  the  absorbed-dose  rate  and  dose-equivalent 
rate.  This  is  particularly  true  in  the  case  of  the  dose-equivalent  rate  and 
the  thicker  shields  considered.  For  all  of  the  cases  considered,  the  total 
and  the  primary-proton  absorbed-dose  rates  and  the  total  and  the  primary- 
proton  dose-equivalent  rates  are  very  approximately  constant  as  a function 
of  tissue  depth. 


(rod  sec 


DOSE  EQUIVALENT  RATE  (rtm 


0P*IH.  0»6  ft- 

SCCONOARr  PARTiCiES  WCLUOCO 
attenuated  primary  protons 
unattenuateo  primary  PROTONS 


RAT  SOLAR  mi 

s»K 

SRtCLO  ThCRNCSS »Sf  («'* 


galactic  ccsmk  ray  solar. 
SXLO  TwCKN(S$-IOt<«'> 


1 GALACTIC  COS  ARC  ray  SOLAN  Minimum 
1 PROTON  SPECTRUM  MCCfMT  ^ 

SRClO  material:  Ai 

S*R£LO  ThiCknCSJ-jj,,.  » 


GA4  ACTtC  COSMC  RAY  SOLAR  MAI  MUM 
PROTON  SPECTRUM  tMC«*Nf 
S*RCLQ  MATERIAL  : A« 

S*«ELO  TmCknESS  - JS  , t»  * 


t-\  ■ 

«— » tr— 


<0 


* a to 

OEPTH  * TISSUE  (fCM  *) 


12 


Fig.  7.4.  Dose-equivalent  rate  vs  depth  in  tissue  for 

£i! rstS"  on  ,ph*rlc*1  'hen:liVi* 


cosmic- 

of 


216 


7.2  INK  VALIDITY  OF  USING  ONLY  UKAtniNUATO)  PRIMARY  PROTONS  IN 
SHIELDING  AGAINST  INCIDENT  GALACTIC  (X)»IIC-RAY  PKOTONS 

In  Section  6.3.1  It  was  shown  that  in  the  esse  of  Incident  Van  Allen 
belt  and  solar-flare  proton  spectra  reasonable  estimates  of  the  total  dose 
rates  or  doses  could  be  cbtalned  by  neglect  In*  both  the  attenuation  due  to 
nuclear  collisions  and  the  secondary  particles  produced  by  nuclear  collisions. 
To  test  this  approximation,  for  incident  galactic  cosmic-ray  protons  the 
absorbed-dose  rate  and  dose-equivalent  rate  at  the  center  of  the  tissue 
sphere  from  unattenuated  primary  protons  have  been  calculated  for  the  cases 
considered  In  Figs.  7.3  and  7.4.  The  details  concerning  these  calculations 
are  given  In  Appendix  4. 

It  can  be  seen  from  Figs.  7.3  and  7.4  that  the  absorbed-dose  rate  and 
dose-equivalent  rate  obtained  using  unattenuated  primary  protons  only  are 
substantially  less  than  the  total  absorbed-dose  rate  and  dose-equivalent 
race.  Thus,  In  the  case  of  incident  galactic  cosmic-ray  protons  reliable 
estimates  of  the  absorbed-dose  rate  and  dose-equivalent  rate  cannot  be  ob- 
tained on  the  basis  of  the  unattenuated  prlsury-proton  flux. 
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Appendix  1 

THE  SOLUTION  TO  THE  PRIMARY-PARTICLE  TRANSPORT  EQUATION 


The  solution  to  the  primary- par  tide  transport  equation  was  given  in 
Eqs.  3.6  and  3.7  of  Chapter  3.  In  this  appendix  a derivation  of  this  solu- 
tion la  presented. 

The  transport  equation  to  be  solved  is  that  given  as  Eq.  3.5  of 

Chapter  3.  After  multiplying  through  by  S (E),  the  equation  is 
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where  the  symbol 


)x 


indicates  that  the  partial  derivative  with  respect 


to  x is  to  be  taken  with  y held  fixed.  To  solve  the  equation,  it  is  con- 
venient to  change  the  variable  from  E to  E^  where  E^  is  defined  as  a function 
of  E and  r through  the  equation 
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and  from  Eq.  A1.2 
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Using  Eq.  Al. 6,  Eq.  Al.l  becomes 
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where 
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Equation  A1.7  may  now  be  solved  to  give 
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By  using  Eq.  A1.8  and  noting  from  Eq.  A1.2  that  E ^ * E when  r • 0,  Eq.  A1.9 
may  be  written 
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where  must  still  be  determined  in  terms  of  E and  r from  Eq.  A1.2.  To 
put  the  exponential  in  Eq.  A1.10  in  a more  convenient  form,  note  that 
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Equation  A1.14,  together  with  Eq.  Alt 2,  is  the  solution  to  the  primary- 
particle  transport  equation  that  was  used  in  Chapter  3. 
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Appendix  2 

NUMERICAL  DATA  ON  ABSORBED  DOSE  AND  DOSE  EQUIVALENT 

FROM  PRIMARY  PARTICLES 

In  this  appendix  the  absorbed-dose  rate  or  absorbed  dose  and  the  dose- 
equivalent  rate  or  dose  equivalent  as  a function  of  shield  thickness  are 
presented  for  a variety  of  incident  Van  Allen  belt  and  solar-flare  spectra. 
The  incident  Van  Allen  belt  spectra  used  in  the  calculations  correspond  to 
circular  orbits  through  the  belt  and  are  shown  in  Figs,  2.8  to  2.12.  The 
incident  solar-flare  spectra  were  assumed  to  be  exponential  in  rigidity  and 
for  both  protons  and  alpha  particles  were  normalized  to  IQ9  particles  cm"*2 
between  30  and  3000  MeV.  Results  are  presented  for  characteristic  rigidities 
of  50,  75,  100,  125,  150,  175,  and  200  MV  (see  Fig,  2.12). 

All  of  the  results  were  obtained  with  the  primary-particle-transport 
code  TRAPP  for  the  geometry  shown  in  Fig,  3.1.  The  calculated  values  give 
the  various  doses  at  the  center  of  the  spherical  shell  shield  and  are  inde- 
pendent of  the  radius  of  the  vacuum  gap  as  shown  in  Fig,  3.1.  In  all  cases, 
the  incident  spectra  were  assumed  to  be  isotropically  incident  on  the  shield. 
For  each  incident  spectrum,  calculated  values  are  given  with  radii,  rf,  of 
0 and  15  g csf2.  The  cross-section  values  used  are  those  shown  in  Figs.  4.10 
and  4.11,  and  the  stopping  powers  used  are  those  shown  in  Fig.  4.1  and  by 
the  solid  curves  in  Fig.  4,3,  Results  are  given  for  shields  of  aluminum, 
polyethylene,  and  copper  and  for  shield  thicknesses,  r_,  from  2 to  100  g esT2, 
Table  A2.1  lists  the  tables  containing  results  for  incident  Van  Allen 
belt  protons.  Tables  A2. 2 and  A2 • 3 list  the  tables  containing  results  for 
incident  solar-flare  protons  and  alpha  particles,  respectively. 
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TABLE  A2.1 

List  of  Tables  for  Incident  Van  Allen  Belt  Protons 


Table 

Orbital 

Altitude 

(nautical 

miles) 

Orbital 

Inclination 

(deg) 

Shield 

Material 

Dose  Rate 

rad  or  remj 
day  1 

Page 

A2.4 

240 

30 

Aluminum 

Absorbed 

227 

AS.  5 

240 

30 

Aluminum 

Equivalent 

228 

A2.6 

240 

30 

Polyethylene 

Absorbed 

229 

A2.7 

240 

30 

Polyethylene 

Equivalent 

230 

A2.8 

240 

30 

Copper 

Absorbed 

231 

A2.9 

240 

30 

Copper 

Equivalent 

232. 

A2.10 

240 

60 

Aluminum 

Absorbed 

233 

A2.ll 

240 

60 

Aluminum 

Equivalent 

234 

A2.12 

240 

60 

Polyethylene 

Absorbed 

235 

A2.13 

240 

60 

Polyethylene 

Equivalent 

236 

A2.14 

240 

60 

Copper 

Absorbed 

237 

A2.15 

240 

60 

Copper 

Equivalent 

238 

A2.16 

240 

90 

Aluminum 

Absorbed 

239 

A2.17 

240 

90 

Aluminum 

Equivalent 

240 

A2.18 

240 

90 

Polyethylene 

Absorbed 

241 

A2.19 

240 

90 

Polyethylene 

Equivalent 

242 

A2.20 

240 

90 

Copper 

Absorbed 

243 

A2.21 

240 

90 

Copper 

Equivalent 

244 

A2.22 

1500 

0 

Aluminum 

Absorbed 

245 

A2.23 

1500 

0 

Aluminum 

Equivalent 

246 

A2.24 

1500 

0 

Polyethylene 

Absorbed 

247 

A2.25 

1500 

0 

Polyethylene 

Equivalent 

248 

A2.26 

1500 

0 

Copper 

Absorbed 

249 

A2.27 

1500 

0 

Copper 

Equivalent 

250 

A2.28 

1500 

30 

Aluminum 

Absorbed 

251 

A2.29 

1500 

30 

Aluminum 

Equivalent 

252 

A2.30 

1500 

30 

Polyethylene 

Absorbed 

253 

A2.31 

1500 

30 

Polyethylene 

Equivalent 

254 

A2.32 

1500 

30 

Copper 

Absorbed 

255 

A2.33 

1500 

30 

Copper 

Equivalent 

256 

A2.34 

1500 

60 

Aluminum 

Absorbed 

257 

A2.35 

1500 

60 

Aluminum 

Equivalent 

258 

A2.36 

1500 

60 

Polyethylene 

Absorbed 

259 

A2.37 

1500 

60 

Polyethylene 

Equivalent 

260 

A2.3S 

1500 

60 

Copper 

Absorbed 

261 

A2.39 

1500 

60 

Copper 

Equivalent 

262 

A2.40 

1500 

90 

Aluminum 

Absorbed 

^63 

A2.41 

1500 

90 

Aluminum 

Equivalent 

264 

A2.42 

1500 

90 

Polyethylene 

Absorbed 

265 

A2.43 

1500 

90 

Polyethylene 

Equivalent 

266 

A2.44 

1500 

90 

Copper 

Absorbed 

267 

A2.45 

1500 

90 

Copper 

Equivalent 

268 
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TABLE  A2.1  (cont’d) 


List  of  Tables  for  Incident 


!. 


Van  Allen  Belt  Protons 


Table 

Orbital 

Altitude 

(nautical 

miles) 

Orbital 

Inclination 

(deg) 

Shield 

Material 

Dose  Rate 

/ rad  or  rem] 
' day  J 

Page 

A2.46 

3000 

0 

Aluminum 

Absorbed 

269 

A2.47 

3000 

0 

Aluminum 

Equivalent 

270 

A2. 48 

3000 

0 

Polyethylene 

Absorbed 

271 

A2.49 

3000 

0 

Polyethylene 

Equivalent 

272 

A2.50 

3000 

0 

Copper 

Absorbed 

273 

A2.51 

3000 

0 

Copper 

Equivalent 

274 

A2.52 

3000 

30 

Aluminum 

Absorbed 

275 

A2.53 

3000 

30 

Aluminum 

Equivalent 

276 

A2.54 

3000 

30 

Polyethylene 

Absorbed 

277 

A2.55 

3000 

30 

Polyethylene 

Equivalent 

278 

A2.56 

3000 

• 30 

Copper 

Absorbed 

279 

A2.57 

3000 

30 

Copper 

Equivalent 

280 

A2.58 

3000 

60 

Aluminum 

Absorbed 

281 

A2.59 

3000 

60 

Aluminum 

Equivalent 

282 

A2.60 

3000 

60 

Polyethylene 

Absorbed 

283 

A2.61 

3000 

60 

Polyethylene 

Equivalent 

284 

A2.62 

3000 

60 

Copper 

Absorbed 

285 

A2.63 

3000 

60 

Copper 

Equivalent 

286 

A2.64 

3000 

90 

Aluminum 

Absorbed 

287 

A2.65 

3000 

90 

Aluminum 

Equivalent 

288 

A2.66 

3000 

90 

Polyethylene 

Absorbed 

289 

A2.67 

3000 

90 

Polyethylene 

Equivalent 

290 

A2.68 

3000 

90 

Copper 

Absorbed 

291 

A2.69 

3000 

90 

Copper 

Equivalent 

292 

A2.70 

4500 

0 

Aluminum 

Absorbed 

293 

A2.71 

4500 

0 

Aluminum 

Equivalent 

294 

A2.72 

4500 

0 

Polyethylene 

Absorbed 

295 

A2.73 

4500 

0 

Polyethylene 

Equivalent 

296 

A2.74 

4500 

0 

Copper 

Absorbed 

297 

A2.75 

4500 

0 

Copper 

Equivalent 

298 

A2.76 

4500 

30 

Aluminum 

Absorbed 

299 

A2.77 

4500 

30 

Aluminum 

Equivalent 

300 

A2.78 

4500 

30 

Polyethylene 

Absorbed 

301 

A2.79 

4500 

30 

Polyethylene 

Equivalent 

302 

A2.80 

4500 

30 

Copper 

Absorbed 

303 

A2.81 

4500 

30 

Copper 

Equivalent 

304 

A2.82 

4500 

60 

Aluminum 

Absorbed 

305 

A2.83 

4500 

60 

Aluminum 

Equivalent 

306 

A2.84 

4500 

60 

Polyethylene 

Absorbed 

307 

A2.85 

4500 

60 

Polyethylene 

Equivalent 

308 

A2.86 

4500 

60 

Copper 

Absorbed 

309 

A2.87 

4500 

60 

Copper 

Equivalent 

310 
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TABLE  A2.1  (cont'd) 

List  of  Tables  for  Incident  Van  Allen  Belt  Protons 


Table 

Orbital 

Altitude 

(nautical 

miles) 

Orbital 

Inclination 

(deg) 

A2.88 

4500 

90 

A2.89 

4500 

90 

A2.90 

4500 

90 

A2.91 

4500 

90 

A2.92 

4500 

90 

A2.93 

4500 

90 

A2.94 

6000 

0 

A2.95 

6000 

0 

A2.96 

6000 

0 

A2.97 

6000 

0 

A2.98 

6000 

0 

A2.99 

6000 

0 

A2.100 

6000 

30 

A2.101 

6000 

30 

A2.102 

6000 

30 

A2.103 

6000 

30 

A2.104 

6000 

30 

A2.105 

6000 

30 

A2.106 

6000 

60 

A2.107 

6000 

60 

A2.108 

6000 

60 

A2.109 

6000 

60 

A2.110 

6000 

60 

A2.111 

6000 

60 

A2.112 

6000 

90 

A2.113 

6000 

90 

A2.114 

6000 

90 

A2.115 

6000 

90 

A2.116 

6000 

90 

A2.117 

6000 

90 

Dose  Rate 


Shield  | rad  or  rem 

Material  l day 


Aluminum 

Absorbed 

311 

Aluminum 

Equivalent 

312 

Polyethylene 

Absorbed 

313 

Polyethylene 

Equivalent 

314 

Copper 

Absorbed 

315 

Copper 

Equivalent 

316 

Aluminum 

Absorbed 

317 

Aluminum 

Equivalent 

318 

Polyethylene 

Absorbed 

319 

Polyethylene 

Equivalent 

320 

Copper 

Absorbed 

321 

Copper 

Equivalent 

322 

Aluminum 

Absorbed 

323 

Aluminum 

Equivalent 

324 

Polyethylene 

Absorbed 

325 

Polyethylene 

Equivalent 

326 

Copper 

Absorbed 

327 

Copper 

Equivalent 

328 

Aluminum 

Absorbed 

329 

Aluminum 

Equivalent 

330 

Polyethylene 

Absorbed 

331 

Polyethylene 

Equivalent 

332 

Copper 

Absorbed 

333 

Copper 

Equivalent 

334 

Aluminum 

Absorbed 

335 

Aluminum 

Equivalent 

336 

Polyethylene 

Absorbed 

337 

Polyethylene 

Equivalent 

338 

Copper 

Absorbed 

339 

Copper 

Equivalent 

340 
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TABLE  A2.2 


List  of  Tables  for 

Incident  Solar 

-Flare  Protons 

Table 

Characteristic 

Rigidity 

(MV) 

Shield 

Material 

Dose 

(rad  or  rem) 

Page 

A2.118 

50 

Aluminum 

Absorbed 

341 

A2e 119 

50 

Aluminum 

Equivalent 

342 

A2. 120 

50 

Polyethylene 

Absorbed 

343 

A2.121 

50 

Polyethylene 

Equivalent 

344 

A2 . 122 

50 

Copper 

Absorbed 

345 

A2.123 

50 

Copper 

Equivalent 

346 

A2 . 124 

75 

Aluminum 

Absorbed 

347 

A2.125 

75 

Aluminum 

Equivalent 

348 

A2  *126 

75 

Polyethylene 

Absorbed 

349 

A2. 127 

75 

Polyethylene 

Equivalent 

350 

A2.128 

75 

Copper 

Absorbed 

351 

A2.129 

75 

Copper 

Equivalent 

352 

A2. 130 

100 

Aluminum 

Absorbed 

353 

A2, 131 

100 

Aluminum 

Equivalent 

354 

A2. 132 

100 

Polyethylene 

Absorbed 

355 

A2. 133 

100 

Polyethylene 

Equivalent 

356 

A2. 134 

100 

Copper 

Absorbed 

357 

A2.135 

100 

Copper 

Equivalent 

358 

A2. 136 

125 

Aluminum 

Absorbed 

359 

A2.137 

125 

Aluminum 

Equivalent 

360 

A2.138 

125 

Polyethylene 

Absorbed 

361 

A2. 139 

125 

Polyethylene 

Equivalent 

362 

A2. 140 

125 

Copper 

Absorbed 

363 

A2. 141 

125 

Copper 

Equivalent 

364 

A2 . 14  2 

150 

Aluminum 

Absorbed 

365 

A2. 143 

150 

Aluminum 

Equivalent 

366 

A2. 144 

150 

Polyethylene 

Absorbed 

367 

A2. 145 

150 

Polyethylene 

Equivalent 

368 

A2. 146 

150 

Copper 

Absorbed 

369 

A2. 147 

150 

Copper 

Equivalent 

370 

A2. 148 

175 

Aluminum 

Absorbed 

371 

A2. 149 

175 

Aluminum 

Equivalent 

372 

A2. 150 

175 

Polyethylene 

Absorbed 

373 

A2. 151 

175 

Polyethylene 

Equivalent 

374 

A2.152 

175 

Copper 

Absorbed 

375 

A2. 153 

175 

Copper 

Equivalent 

376 

A2 . 154 

200 

Aluminum 

Absorbed 

377 

A2.155 

200 

Aluminum 

Equivalent 

378 

A2. 156 

200 

Polyethylene 

Absorbed 

379 

A2.157 

200 

Polyethylene 

Equivalent 

380 

A2. 158 

200 

Copper 

Absorbed 

381 

A2.159 

200 

Copper 

Equivalent 

382 

226 


TABLE  A2.3 


List  of  Tables  for  Incident  Solar-Flare  Alpha  Particles 


Table 

Characteristic 

Rigidity 

(MV) 

Shield 

Material 

Dose 

(rad  or  rem) 

Page 

A2.160 

50 

Aluminum 

Absorbed 

383 

A2.161 

50 

Aluminum 

Equivalent 

384 

A2.162 

50 

Polyethylene 

Absorbed 

385 

A2.163 

50 

Polyethylene 

Equivalent 

386 

A2.164 

50 

Copper 

Absorbed 

387 

A2.165 

50 

Copper 

Equivalent 

388 

A2.166 

75 

Aluminum 

Absorbed 

389 

A2.167 

75 

Aluminum 

Equivalent 

390 

A2.168 

75 

Polyethylene 

Absorbed 

391 

A2.169 

75 

Polyethylene 

Equivalent 

392 

A2.170 

75 

Copper 

Absorbed 

393 

A2.171 

75 

Copper 

Equivalent 

394 

A2.172 

100 

Aluminum 

Absorbed 

395 

A2.173 

100 

Aluminum 

Equivalent 

396 

A2.174 

100 

Polyethylene 

Absorbed 

397 

A2.175 

100 

Polyethylene 

Equivalent 

398 

A2.176 

100 

Copper 

Absorbed 

399 

A2.177 

100 

Copper 

Equivalent 

&oo 

A2.178 

125 

Aluminum 

Absorbed 

401 

A2.179 

125 

Aluminum 

Equivalent 

402 

A2.180 

125 

Polyethylene 

Absorbed 

403 

A2.181 

125 

Polyethylene 

Equivalent 

404 

A2.182 

125 

Copper 

Absorbed 

405 

A2.183 

125 

Copper 

Equivalent 

406 

A2.184 

150 

Aluminum 

Absorbed 

407 

A2.185 

150 

Aluminum 

Equivalent 

408 

A2.186 

150 

Polyethylene 

Absorbed 

409 

A2.187 

150 

Polyethylene 

Equivalent 

410 

A2.188 

150 

Copper 

Absorbed 

411 

A2.189 

150 

Copper 

Equivalent 

412 

A2.190 

175 

Aluminum 

Absorbed 

413 

A2.191 

175 

Aluminum 

Equivalent 

414 

A2.192 

175 

Polyethylene 

Absorbed 

415 

A2.193 

175 

Polyethylene 

Equivalent 

416 

A2.194 

175 

Copper 

Absorbed 

417 

A2.195 

175 

Copper 

Equivalent 

418 

A2.196 

200 

Aluminum 

Absorbed 

419 

A2.197 

200 

Aluminum 

Equivalent 

420 

A2.198 

200 

Polyethylene 

Absorbed 

421 

A2.199 

200 

Polyethylene 

Equivalent 

422 

A2.200 

200 

Copper 

Absorbed 

423 

A2.201 

200 

Copper 

Equivalent  ' 

424 
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TABLE  A2.4 


PROTO MS  AS  IIC ID BIT  PARTICLES  SHIELD  MATERIAL  ALU HI HUH 
ALTITUDE  OF  ?.  A«  SPECTRUM  * 2.4000000E  02  MAUTXCAL  MILES 
AI6LE  OF  V.  A.  SPECTRUM  * 3.0000000E  01  DECREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 

RATE 

RATE 

RATI 

B.I  » 0.0  G/CB2 

*.T  « 15.0  G/C82 

B.T  « 0.0  6/282 

8*t  * 15.0  3 

SHIELD 

WITHOUT 

WITHOUT 

*118 

•ITS 

DEPTH 

ATTEMUATION 

ATTENUATION 

ATTEMUATI08 

ATXSKffATX 

(G/CH2) 

RAD 

RAD 

RAD 

RAD 

988  1.00  Dll 

111  1.00  DM 

in  i.  oo  Dir 

911  1.09 

2.00 

4.55E-01 

6.451-02 

4.451*01 

5. 251-02 

3.00 

3. 66E-01 

6*081*02 

3.541-01 

4. 901-02 

5.00 

2. 63E-01 

5.421-02 

2.491-01 

4.298-02 

7.00 

2.041-01 

4.851-02 

1.891-01 

3.771-02 

10.00 

1.501-01 

4* 14B*02 

1.351-01 

3. 141-02 

15.00 

9.921-02 

3.251*02 

8.511-02 

2.  368-02 

20.00 

7.071-02 

2.591-02 

5.791-02 

1.808-02 

25.00 

5.271-02 

2.101-02 

4.131-02 

1. 391-02 

30.00 

4.051-02 

1.721-02 

3,031-02 

1.098-02 

35.00 

3. 181-02 

1.421*02 

2.281-02 

8, 631-93 

40.00 

2.541-02 

1*181-02 

1.741-02 

6.891-03 

45.00 

2.061-02 

9*931-03 

1,351-02 

5, 531-03 

50.00 

1.691-02 

8.381-03 

1.061-02 

4,  461-03 

60.00 

1. 171-02 

6.071*03 

6.711-03 

2.951-03 

70.00 

8.271-03 

4.471-03 

4, 351-03 

1 . 981—03 

80.00 

6.001-03 

3.331-03 

2.881-03 

1. 358-03 

90.00 

4.421-03 

2*521-03 

1.941-03 

9. 278-04 

100.00 

3.  301-03 

1.921*03 

1.321-03 

6.421-94 

»s> 

*a 

*■4 


* %«« 
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TABLE  A2.S 

PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUBINOB 
ALTITUDE  OF  7.  A.  SPECTRUH  = 2.40000001  02  NAOIICAL  BILES 
ANGLE  OF  V.  A.  SPECTBUB  = 3.0000000E  01  DEGREES 

DOSE  EQUIVALENT 


SHIELD 

DEPTH 


BATE 

B.T  * 0.0  G/CH2 

NITHOUT 
ATTENUATION 


DOSE  EQUIVALENT 
RATE 
B.T  * 15.0 

HIT BO Of 

ATTENUATION 


DOSE  EQUIVALENT 


1,1  * 0,0  s/: 

mm 

ATTENUATION 


« w r ^ ••  •*  # 

PER  1.00  DAI 

PE*  1.00  DAI 

PER  1.00  1 

2.00 

6.351-01 

7.48B-02 

6.221-01 

3*00 

4.93E-01 

7.041-02 

4.771-01 

5.00 

3.42E-Q1 

6.2SE-02 

3. 238-0 1 

7.00 

2.59E-01 

5.58E-02 

2.408-01 

10.00 

1.86E-01 

4.758-02 

1.878-01 

15.00 

1.201-01 

3.708-02 

1.031-01 

20.00 

8 • 3 

2.948-02 

6.  928-02 

25.00 

6.24E-Q2 

2.37B-02 

4,881-02 

30.00 

4.75E-02 

1.94B-02 

3. 581-02 

35.00 

3.71E-02 

1.60E-02 

2.681-02 

40.00 

2.95E-02 

1 . 33E-02 

2.021-02 

45.00 

2.  38E-02 

1.1  IE-02 

1.581-02 

50.00 

1 . 95E-02 

9.36E-03 

1.221-02 

60.00 

1.34E-02 

6.75E-03 

7.871-03 

70.00 

9.43E-03 

4.96E-03 

4. 958-03 

80.00 

6.81E-03 

3.69E-03 

3.271-03 

90.00 

5.00E-03 

2.  788-03 

2. 191-03 

100.00 

3.72E-03 

2.12E-03 

1.498-03 

EQUIVALENT 

KATE 

8»f  * 15*0  tt/St 
VZSS 

ATfli«»»»f 


1*1 
i.OTS 
5*  #S1«®  2 
l,Wi» 


A 


m 

3* 

2*  551*13 
2«i38*i3 
1* 571*42 
1*238*12 
9*  578*13 
IV 


5* 

8# 

2* 

1* 

1. 028*13 
7* 118*89 


1* 

2*1 


TABLE  A2.6 


PROTONS  AS  INCIDENT  PARTICLES 
ALTITUDE  OF  T.  A.  SPECTROH  » 
ANGLE  OF  V.  A.  SPECTBOB  - 3. 


SHIELD  BATEFIAL  NUNKUn 
2, 9000000 E 02  HAOriCAL  BILES 
0000000E  01  DEGREES 


ABSORBED  DOSE 


MSt 


BATE 


O * 

R f 4 

C * 0.0  G/CM2 

B.T  * 15.0  6/CB2 

iff  « e.o  s/;s2 

t#f  * 

* 1 5#  c 

1 £/Ct if 

SiHIELD 

H IT HOOT 

HITHOUr 

HITS 

tiff 

i 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

wmmmtim 

(G/CM2) 

RAD 

PER  1. 00  DAT 

RAD 

PER  1.00  DAI 

iip 

Pit  1.00  DAT 

in 

pit  f * 08  mt 

2.00 

3. 7 IE-01 

6.17B-02 

#•#08-01 

5*  001-02 

3.  'GO 

2.90E-01 

5. 70B-02 

2*781-01 

4*  541-02 

5.0C 

2.0 IE-01 

tt.  90E-02 

1.881-01 

3*  831-02 

7.00 

1.51E-01 

9.25E-02 

1.301-01 

3*  241-02 

IS.  00 

1.06E-01 

3.97E-02 

f* 231-02 

2* 388*02 

T5.  00 

6. 66E-02 

2.55E-02 

5.451-02 

1*  781*02 

20.00 

4. 53E-02 

1.92E-02 

3.501-02 

1*201-02 

25.00 

3.24E-02 

1.  98E-02 

2.301-02 

0. It I- 03 

30.00 

2.39E-02 

1. 16S-02 

f*05i-i2 

#•798-03 

35.00 

1.8  IE-02 

9. 19E-03 

1*  181-02 

#•078-03 

40.00 

1.40E-02 

7. 3 IE-03 

8.001-03 

3.821-03 

45.00 

1. 10E-02 

5.90B-03 

0*308-03 

2.  #18*03 

50.00 

8.69E-03 

9.79E-03 

4.701*03 

#•238*03 

00.00 

5.63E-03 

3. 232-03 

2.741-03 

1.331-03 

70.00 

3.75E-03 

2. 222-03 

1.021-03 

8. 048*04 

10.00 

2.  57E-03 

1. 55E-03 

*•778-04 

4. 038*04 

90.00 

1.78E-03 

1.10E-03 

5. 901-04 

3* 051-04 

ISO.  00 

1.26E-03 

7. 9 IE-09 

3. 061-04 

1.011*04 

TABLE  A2.7 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V,  A.  SPECTRUM  = 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V,  A.  SPECTRUM  = 3.00C0000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R.T  = 0,0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

4.77E-C1 

3.00 

3.64E-01 

5.00 

2.44E-01 

7.00 

1.80E*01 

10.00 

1.25E-01 

15.00 

7.69E-02 

20.00 

5.18E-02 

25.00 

3.67E-02 

30.00 

2.70E-02 

35.00 

2.03E-02 

#0.00 

1.56E-02 

#5.00 

1.22E-02 

50.00 

9.66E-03 

60.00 

6.23B-03 

70.00 

4.14E-03 

80.00 

2.82E-03 

90.00 

1.96E-03 

100.00 

1.38E-03 

DOSE  EQUIT ALENT 

DOSE  EQUIVAIEN 

RITE 

BATE 

R.T  = 15.0  G/CH2 

3,t  = 0.0  6/28 

HIT HOOT 

HITH 

ATTENUATION 

ATTENUATION 

BEH 

BEH 

PEB  1.00  OAT 

PEB  1.00  DAT 

7.15E-02 

#.62E-01 

6.59E-02 

3.86E-01 

5.6#E-02 

2.26E-0 1 

4.87E-02 

1.62E-01 

3.96E-02 

1.08E-01 

2.89E-  02 

6.28E-02 

2. 17E-02 

3.98E-02 

1.66E-02 

2.67E-02 

1.29E-02 

1.8SE-02 

1.02E-02 

1.32E-02 

8. 1#E-03 

9.58E-03 

6.56E-03 

7.07E-03 

5.32E-03 

5. 28E-03 

3. 57E-03 

3.03E-03 

2.45E-03 

1.781-03 

1.7 IE-03 

1.07E-03 

1.2 IE-03 

6. 5#E-0# 

8.68E-0# 

». 038-04 

DOSE  EQUIVALENT 
RATE 

R*X  * 15.0  G/CH2 

f#|l 

V JL  & I* 

ATTENUATION 

RES 

PER  1.00  DAT 
S.77E-02 
5. 26E-02 
4.39E-02 
3.71E-02 

2.  915-02 
2.0  IE-02 
1. 42E-02 

1.  918*02 
7.58E-03 
5.  64B-03 

0.  25B-03 

3.  238-03 

2.  #76-03 

1.  #78-93 
8.87E-Q# 

5.  #38-3# 
3.396-0# 

2. 106-3# 
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TABLE  A2.8 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  * 2, 4000000 E 02  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


RATE 

SATE 

RATE 

RATI 

R.T  = 0.0  G/CM2 

R.T  * 15.0  G/CM2 

R.T  * 0.0  G/CN2 

R.T  * 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

F.  S (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAI 

2*00 

5.13E-01 

6.561-02 

5.051-01 

5. 361-02 

3.00 

4. 16E-01 

6.231-02 

4*061-01 

5.061*02 

5.00 

3.05E-01 

5.64E-02 

2. 93S-01 

4.511-02 

7.00 

2.40E-01 

5.12E-02 

2.26E-01 

4.04B-02 

10.00 

1.79E-01 

4.  461-02 

1.65E-01 

3.  45E-02 

15.00 

1. 21E-01 

3.59E-02 

1. 081-01 

2.681-02 

20.00 

8.80E-02 

2.941-02 

7.551-02 

2. 121-02 

25.00 

6.67E-02 

2.43E-02 

5.531-02 

1.69B-02 

30.00 

5. 21E-02 

2.03E-02 

4. 171-02 

1.  36B-02 

35.00 

4. 15E-02 

1.7  IE-02 

3. 211-02 

1.111-02 

40.00 

3.37E-02 

1.45E-02 

2.511-02 

9.09S-03 

45.00 

2.77E-02 

1.24E-02 

1.991-02 

7.501-03 

50.00 

2.30E-02 

1.06E-02 

1.601-02 

6.  211-03 

60.00 

1.63E-02 

7.90E-03 

1.06E-02 

4. 32E-03 

70.00 

1.  18E-02 

5.99E-03 

7. 16E-03 

3.05E-03 

80.00 

8.78E-03 

4.59E-03 

4.95E-03 

2. 18S-03 

90.00 

6. 611-03 

3.55B-C3 

3.481-03 

1.57S-03 

100.00 

5.05E-03 

2.77E-03 

2.48E-03 

1. 14E-03 

TABLE  A2.9 

PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  = 2.4000000B  02  NAUTICAL  MILES 


ANGLE  OF  V. 

A.  SPECTRUM  = 3.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CH2 

R.T  * 15*0  G/CM2 

R.T  * 0.0  G/2M2 

R.T  * 15.3  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


PER  1.00  DAY 
7.61E-01 
5.95E-01 

4.  17E-01 
3.20E-01 
2.32E-01 
1.53E-01 
1.  10E-01 
8.20E-02 
6.34E-02 
5.02E-02 
4. 05E-02 
3.31E-02 
2.74E-02 
1.92E-02 
1.39E-02 
1.03E-02 
7.70E-03 

5.  87E-03 


REM 

PER  1.00  DAY 
7.62E-02 
7.22E-02 
6.5  IE-02 
5.90B-02 
5.12E-02 
4.1OE-02 
3.  34E-02 
2.75E-02 
2.29E-02 
1 • 93E-G2 
1*638-02 
1.398-02 
1. 19E-02 
8.82E-03 
S.66E-03 
5. 10E-03 
3.93E-03 
3.07E-03 


-saiKKNir.wM*  MWSViiSK#  tst.- 


REM 

PER  1.00  DAY 
7.501-01 
5*  82E-0 1 
4.011-01 
3*021-01 
2* 151-01 
1,371-01 
9*401-02 

6.791- 02 
$* 071-02 
3*881-02 
3.021-02 
2*  381-02 
1*908-02 
1.25E-02 
8*401-83 

5. 791- 03 
4*051-03 
2.  881-03 


REM 

PER  1.00  DAY 

6 .  21 S-  0 2 
5*851-02 
5.  201-32 
4.651-02 
3,951-82 
3.061-02 
2.  408-02 


1.251-02 
1.021-O2 
a,  391-03 
6*  941-03 
4.81S-03 
3. 391-03 
2,  4 18- 03 
1,  743-83 
1,261-03 


is* 

W 

Is* 


TABLE  A2.10 


PROTONS  iS  INCIDENT  PARTICLES  SHIELD  NATE RIAL  ALDHIHON 

AHGLE°0P  r »*  qpp^»n2EDa  c 2. 4 OOOOOO E 02  HAOFICAL  NILES 
ANGLE  OF  V . A.  SPECTRUM  * 6.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE 


ABSORBED  DOSS 


RATE 


BATE 


RATE 


R.T  * 0,0  G/CH2  H.T  . 15.0  G/CH2  B,T  « 0.0  G/;S2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CH2) 

BAD 

PEB  1.00  DAT 

2.00 

2. 68E-0 1 

3.00 

2.09E-01 

5.00 

1.44E-01 

7.00 

1.07B-01 

10.00 

7,  5 IE- 02 

15.00 

4.68E-02 

20.00 

3.18E-02 

25.00 

2.27E-02 

30.00 

1.69E-02 

35.00 

1.28E-02 

40.00 

9.99E-03 

45.00 

7 • 9 1E-0  3 

50.00 

6.34E-G3 

60.00 

4.21E-03 

70.00 

2.89E-03 

80.00 

2.03E-03 

90.00 

1.46E-03 

100.00 

1. 07E-03 

HITHOUT 

NISH 

ATTENUATION 

ATTENOATION 

RAD 

BAD 

PER  1.00  DAT 

PEB  1.00  DAT 

2.87E-02 

2.62E-01 

2.68E-02 

2.02E-01 

2.35E-02 

1.36E-01 

2.07E-02 

9.92E-02 

1.73E-02 

6.75E-02 

1.32E-02 

4. 01E-02 

1.02E-02 

2.60E-02 

8.07E-03 

1.78E-02 

6.46E-03 

1.26E-02 

5.24E-03 

9.20E-03 

4.28E-03 

6. 85E-03 

3.53B-03 

5.18E-03 

2.93E-03 

3.98E-03 

2.06E-03 

2.42E-03 

1.48E-03 

1. 52B-03 

1.08B-03 

9.76E-04 

7.97E-04 

6. 4 IB-04 

5.97E-04 

4.26E-04 

'*-*■***  A*  i r*  *****  A a 


ABSORBED  DOSS 
RATE 

R.T  * 1S.0  G/CM2 
NISH 

ATTENUATION 

RAD 

PER  1.00  DAT 
2.  33E-02 

2.  16E-32 
1.86E-02 
1. 61E-32 
1.  31B-02 
9.54E-03 
7.  09  E- 03 
5.35B-03 
4.  10E-03 

3.  18E-03 
2.49E-03 
1.  96E-03 
1. 568-03 

1.  OOE-03 
6.  57E-04 
4.37E-04 
2.94B-04 

2.  OOE-04 


% 


TABLE  A2. 11 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V,  A,  SPECTRUM  = 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  = 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

R*T  * 0.0  G/CM2 


RATE 

B,T  * 15.0  GSCM2 


RATE 

R#T  * 0.0  G/CH2 


RATE 

R#T  = 15.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

WITH 

ATTENUATION 


R.S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


REM 

PER  1.00  DAT 
3.83E-01 
2.88E-01 
1.90E-01 
1.39E-01 
9.48E-02 
5.77E-02 
3.85E-02 
2.72E-02 
2.00E-02 
1.52E-02 
1.17E-e02 
9.22E-03 
7.36E-03 
4. 86E-03 
3.32E-03 
2.  32E-03 
1.66E-03 
1.21E-03 


REM 

PER  1.00  DAY 
3.36E-02 
3.  13E-02 
2.74E-02 
2.41E-02 
2. 0 IE-02 
1.52E-02 
1.17E-02 
9.20E-03 
7.33E-03 
5.92E-03 
4. 83E»03 
3.97E-03 
3.29E-03 
2.30E-03 
1.65E-03 
1.20E-03 
8.84E-04 
6.61E-04 


REM 

PER  1.00  DAT 
3.75E-01 
2.79E-01 
1.80E-01 
1.28E-01 
8.51E-02 
4.93E-02 
3. 15E-02 
2.13E-02 
1.50E-02 
1. 08E-02 
8.01E-03 
6. 04E-03 
4.61E-03 
2.78E-03 
1.74E-03 
1.11E-03 
7.28E-04 
4.83E-04 


REM 

PER  1.00  DAY 
2.72E-02 

2.  52E-02 
2.16E-02 
1.87E-02 
1.52S-02 
1.09S-02 
8.08E-03 
6.08E-03 
4.64E-03 

3.  59E-03 
2.80E-03 
2.  20E-03 
1.75E-03 
1. 12E-03 
7.30E-04 
4.35E-04 
3.25B-04 
2.  2 IE-04 


N> 

W 

4S 


* 


5’ 
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TABLE  A2.12 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V,  A*  SPECTRUM  = 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  ~ 6.0000000E  01  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R#T  = 0.0  G/3S2 

R,T  = 15.0  G 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATI3N 

ATTENUATION 

ATTENUATI 

! (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00 

2.00 

2.  12E-01 

2. 73 E- 02 

2.05E-01 

2.20E-02 

3.00 

1.60E-01 

2.49E-02 

1.53E-01 

1.99E-02 

5.00 

1.05E-01 

2.10E-02 

9.72E-02 

1.64E-02 

7.00 

7.57E-02 

1.78E-02 

6.82E-02 

1.  36E-02 

10.00 

5.07E-02 

1.42E-02 

4.40E-02 

1.05E-02 

15.00 

2.97E-02 

1.00E-02 

2.43E-02 

6. 98E-D3 

20.00 

1.92E-02 

7.32E-03 

1.48E-02 

4. 82E-03 

25.00 

1.31E~02 

5.48E-03 

9.56E-03 

3..40E-03 

30.00 

9.35E-03 

4.17E-03 

6.43E-03 

2.45E-03 

35.00 

6.86E-03 

3.22E-03 

4.46E-03 

1. 79E-03 

40.00 

5.15E-03 

2.53E-03 

3.16E-03 

1. 32E-03 

45.00 

3.93E-03 

2.00E-03 

2.28E-03 

9.85E-04 

50.00 

3.05E-03 

1.60B-03 

1.67E-03 

7.42E-04 

60.00 

1.90E-03 

1.04E-03 

9.26E-04 

4.29E-04 

70.00 

1.23E-03 

6.99E-04 

5.30E-04 

2.53E-04 

80.00 

8. 15E-04 

4.79E-04 

3.10E-04 

1. 52E-04 

90.00 

5.  54J2-04 

3.32E-04 

1.85E-04 

9.24E-05 

100.00 

3.82E-04 

2.34E-04 

1.12E-04 

5.67E-05 
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TABLE  A2.13 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHTT PUP 
ALTITUDE  OP  V.  A.  SPECTRUM  = 2.4000000E 02 imiCAl lllll 

INGLE  OP  V.  1.  SPECTBOH  = 6.0000000E  01  DEGREES 


SHIELD 

DEPTH 

R#S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 


WITHOUT 

ATTENUATION 

REM 

PER  1.00  DAY 
2.79E-01 
2.05E-01 
1.30E-01 
9. 18E-02 
6.04E-02 
3.47E-02 
2.21E-02 
1.50E-02 
1 • 06E-Q2 
7.75E-03 
5.79E-03 
4. 41E-03 
3. 4 IE-03 
2.  1 1E-03 
1.36E-03 
8.99E-04 
6.10E^04 
4.20E-04 


RATE 


RATE 


R.T  * 0.0  G/CH2  B.T  « 15.0  G/CH2  B.I  = 0.0  G/2N2 


WITHOUT 

ATTENUATION 

REM 

PER  1.00  DAY 
3 . 1 9E-02 
2.91E-02 
2.44E-02 
2.06E-02 
1.63E-02 
1.  15E-02 
8. 32E-03 
6.1 9E-03 
4.70E-03 
3.62E-03 
2. 83E-03 
2.23E-03 
1.78E-03 
1.  16E-03 
7.74E-04 
5.28E-04 
3.66E-04 
2.57E-04 


WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.70E-01 
1.95E-01 
1.20E-01 
8.25E-02 
5.22E-02 
2.83E-02 
1.70E-02 
1 • 09E-02 
7.28E-03 
5. 02E-03 
3.55E-03 
2.55E-03 
1.86E-03 
1.03E-03 
5.86E-04 
3.42E-04 
2.04E-04 
1.23E-04 


DOSE  EQUIVALENT 
RATE 

fi,T  * 15.0  G/CH2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2. 57 E- 02 
2. 32E-02 
1. 90E-02 
1.  57E-02 
1. 20E-02 
7. 96E-03 
5. 46E-Q3 
3. 84E-03 
2. 75E-03 
2. 00E-03 
1. 48E-03 
1. 10E-33 
8.26E-04 
4. 75E-04 
2. 80E-04 
1. 68E-04 
1.02E-04 
6. 25E-05 


TABLE  A2.14 


■ t i.J'V'*  r WM  V*i  t-n  - 


PHOTONS  iS  INCIDENT  PARTICLES  SHIELD  HiTEBIiL  COPPER 
ALTITUDE  OP  V.  A.  SPECTRUH  * 2.A000000E  02  NAUTICAL  HILES 
ANGLE  OP  V.  A.  SPECTRUH  * 6.0000000E  01  DEGREES 


ABSORBED  DOSE 
RATE 


R.T  « 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

SAD 

PER  1.00  DAY 

2.00 

3.06E-01 

3.00 

2. 42E-01 

5.00 

1.69E-01 

7.00 

1.29E-01 

10.00 

9. 18E-02 

15.00 

5.87E-02 

20.00 

4.07E-02 

25.00 

2.97E-02 

30.00 

2.  24E^02 

35.00 

1.73E-02 

40.00 

1.37E-02 

45.00 

1. 10E-02 

50.00 

8.92E-03 

60.00 

6.07E-03 

70.00 

4.27E-03 

80.00 

3. 08E~03 

90.00 

2.  26E-03 

100.00 

1.68E-03 

ABSORBED  D3SE  ABSORBED  DOSE 


HATE 

RATE 

T * 15.0  G/CH2 

R.T  = 0.0  G/CH 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

2.92E-02 

3.02E-01 

2. 76B-02 

2.36E-01 

2. 46E-02 

1.63E-01 

2.20E-02 

1.21E-01 

1.88E-02 

8. 47E-02 

1.48E-02 

5.22E-02 

1.1  8E-02 

3.49E-02 

9. 5 IE-03 

2.46E-02 

7.78E-03 

1.79E-02 

6.42E-03 

1.34E-02 

5.35E-03 

1.02E-02 

4.49E-03 

7.90E-03 

3.79E-03 

6.20E-03 

2.75E-03 

3.94E-03 

2.03E-03 

2.58E-03 

1.52E-03 

1.74E-03 

1*  16E-03 

1.19E-03 

8.86E-04 

8.27E-04 

ABSORBED  DOSE 
RATE 

R.T  = 15.0  G/CH2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
2. 38S-02 
2. 23 E- 02 
1.96B-02 
1. 74E-02 
1.  45E-02 
1.  10E-02 
8.  47E-03 
6.  6 IE-03 
5.  23E-03 
4. 17E-03 
3. 36E-03 
2. 72E-03 
2. 22E-03 
1. 50E-03 
1. 03E-03 
7.22E-04 
5.  .1  IE-04 
3.65E-04 
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TABLE  A2.15 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  * 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  = 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 
RATE  BATE  BATE 


R.T  » 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R»  S (G/CM2) 

PER  ifoo  DAY 

2.  00 

4.67E-01 

3.00 

3.55E-01 

5*00 

2.37E-01 

7.00 

1.75E-01 

10.00 

1.22E-01 

15.00 

7.57E-02 

20.00 

5. 15E-Q2 

25.00 

3.70E-02 

30.00 

2.77E-02 

35.00 

2. 12E-02 

40.00 

1.66E-02 

45.00 

1.33E-G2 

50.00 

1.07E-02 

60.00 

7.24E-03 

70.00 

5.06E-03 

80.00 

3.62E-03 

90.00 

2.65E-03 

100.00 

1.97E-03 

R#T  * 15.0  G/CM2  R rT  * 0.0  G/CM2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

3.43E-02 

4. 6 IE-01 

3.23E-02 

3.47E-01 

2.87E-02 

2.28E-01 

2. 57E-Q2 

1.66E-01 

2.18E-02 

1.12E-01 

1.70E-02 

6.73E-02 

1.35E-02 

4.42E-02 

1 • 09E-02 

3. 07E-02 

8.86E-03 

2.21E-02 

7.29E-03 

1.64E-02 

6.06E-03 

1.24E-02 

5.07E-03 

9.54E-03 

4.27E-03 

7.45E-03 

3.09E-03 

4.69E-03 

2.27E-03 

3.06E-03 

t.  70E-03 

2.04E-03 

1.29E-03 

1.39E-03 

9.84E-04 

9.65E-04 

, 


DOSE  EQUIVALENT 
RATE 

R#T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2. 79E-02 
2. 6 IE-02 
2.29E-02 
2.02E-02 
1. 68E-02 
1.27E-02 
9.69E-03 
7. 54E-03 
5.  93E-03 
4. 72E-03 
3. 79E-03 
3. 06E-03 
2. 49E-03 
1. 68E-03 
1. 15E-03 
8. 03E-04 
5.  68E-04 
4. 04E-04 
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TABLE  A2.16 
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PHOT OHS  AS  INCIDENT  PARTICLES  SHIELD  HATBHIAL  ALUMINUM 
ALTITUDE  OF  V.  A*  SPECTHUH  * 2.4000000E  02  HAOIICAL  MILES 
AHGLE  OF  ?.  A.  SPECTHUH  = 9.0000000E  01  DEGREES 


ABSORBED  DOSE 
RATE 


ABSORBED  DOSE 


RATE 


ABSORBED  DOSE 


RATE 


R#T  * 0.0  G/CH2  R.T  * 15.0  G/CH2  R.T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

SR  1.00  DAT 
2.32E-01 
1.83E-01 
1.29E-01 
9.78E-02 
7.01E-02 
4.52E-02 
3.15E-02 
2.31E-02 
1.75E-02 
1.36E-02 
1.07E-02 
8.60E-03 
6.98E-03 
4. 74E-03 
3.32E-03 
2.37E-03 
1.73E-03 
1.28B-03 


RAD 

PER  1.00  DAT 
2.86E-02 
2.69E-02 
2.38E-02 
2.  12E-02 
1.79E-02 
1.39E-02 
1.09E-02 
8.76E-03 
7.1  IE-03 
5.82E-03 
4. 8 IE-03 
4.0  IE-03 
3.36E-03 
2.40E-03 
1.75E-03 
1.29E-03 
9.67E-04 
7.32E-04 


RAD 

PER  1.00  DAI 
2.27E-01 
1.77E-01 
1.22E-01 
9.05E-02 
6.31E-02 
3.87E-02 
2.58E-02 
1. 8 IE-02 
1.31E-02 
9.71E-03 
7.35E-03 
5.  64E-03 
4.38E-03 
2.72E-03 
1.74E-03 
1.14E-03 
7.59E-04 
5.  1 1E-04 


ABSORBED  DOSE 
RATE 

fi.T  * 15.0  G/CM2 
WITH 

ATTENUATION 


RAD 

PER  1.00  DAT 
2.33E-02 
2.  17E-02 
1.88E-02 
1.  65E-02 
1 • 36E-02 
1.  01B-02 
7. 59E-03 
5.  8 IE-03 
4.51E-03 
3. 54E-03 
2.80E-03 
2. 23E-03 
1.79E-03 
1. 17E-03 
7. 77B- 04 
5. 23E-04 
3.56E-04 
2.45E-04 
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TABLE  A2.17 


PROTONS  AS  INCIDENT  PARTICLES 
ALTITUDE  OF  V.  A.  SPECTRUM  » 


SHIELD  MATERIAL  ALUMINUM 
2 .40000  00  E 02  NAUTICAL  MILES 


ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT  DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 

RATE 

RATE 

RATE 

R,T  * 0.0  G/CM2 

R,T  * 15.0  G/CM2 

R#T  * 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

NITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

S CG/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

3.28E-Q1 

3.34E-02 

3.21E-01 

2.71E-02 

3.00 

2. 50B-01 

3.13E-02 

2.42E-01 

2.  5 IE-02 

5.00 

1.68E-01 

2.76E-02 

1.59E-01 

2.18E-02 

7.00 

1.25E-01 

2.45E-02 

1.16E-01 

1.90E-02 

10.00 

8.78E--02 

2.06E-02 

7.88E-02 

1. 56E-02 

15.00 

S. 52E-02 

1.59E-02 

4.73E-02 

1.  15E-02 

20.00 

3. 79E-02 

1.25E-02 

3.10E-02 

8. 6 IE-03 

25.00 

2.  75E-02 

9.93E-03 

2.15E-02 

6.58E-03 

30.00 

2.06E-02 

8.03E-03 

1.54E-02 

5.09E-03 

35.00 

1.59E-02 

6.56E-03 

1.14E-02 

3. 98E-Q3 

40.00 

1.25E-02 

5.4  IE-03 

8.55E-03 

3.  14E-03 

45.00 

9.98E-03 

4.50E-03 

6.53E-03 

2.50E-03 

50.00 

8.08E-03 

3.76E-03 

5.06E-03 

2. 00E-03 

60  « 00 

5.  45E-03 

2.68E-03 

3.12E-03 

1.  30E-03 

70.00 

3.79E-03 

1.95E-03 

1.99E-03 

8. 62E-04 

80.00 

2.70E-03 

1.43E-03 

1.30E-03 

5. 792-04 

90.00 

1.96E-03 

1.07E-03 

8.60E-04 

3.  94E-04 

100.00 

1.45E-03 

8.08E-04 

5.77E-04 

2.  7 IE-04 
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TABLE  A2.18 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V,  A.  SPECTRUM  = 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


f ;j 

i 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 


RATE 


RATE 


R.T  * 0.0  G/CM2 


R#T  * 15.0  G/CM2 


R.T  * 0.0  G/:»2 


ABSORBED  DOSE 


RATE 


R.T  * 15.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

S (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PEP.  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.86E-01 

2.73E-02 

1.80E-01 

2. 2 IE-02 

3.00 

1.43E-C1 

2.  51E-02 

1.36E-01 

2. 0 IE-02 

5.00 

9.60E-02 

2. 14E-02 

8.88E-02 

1.67E-02 

7.00 

7.07E-02 

1.84E-02 

6.37E-02 

1.  40E-02 

10.00 

4.87E-02 

1.49E-02 

4. 22E-02 

1. 10E-02 

15.  0 C 

2.96E-02 

1.07E-02 

2.42E-02 

7. 49E-03 

20.00 

1.97E-02 

7.99E-03 

1.52E-02 

5.  26E-03 

25.00 

1.38E-02 

6.07E-03 

1.01E-02 

3. 78E-03 

30.00 

1.01E-02 

4.70E-03 

6.92E-03 

2. 76E-03 

35.  0 0 

7.52E-03 

3.  68E-03 

4.89E-03 

2.04E-03 

40.00 

5.73E-03 

2.91E-03 

3.52E-03 

1. 52E-03 

45.00 

4.45E-03 

2.33E-03 

2. 58E-03 

1.  15E-G3 

50 .00 

3.49E-03 

1.88E-03 

1.91E-03 

8. 75E-G4 

60.00 

2. 22E-03 

1.25E-03 

1.08E-03 

5. 14E-04 

70.00 

1.46E-03 

8.52B-04 

6. 3 IE-04 

3. 08E-04 

80.00 

9. 87E-04 

5.90E-04 

3.76E-04 

1 . 8 7 E-  0 4 

90.00 

6.79E-04 

4.14E-04 

2.27E-04 

1. 15E-04 

100.00 

4.74E-04 

2.95E-04 

1.39E-04 

7. 14E-05 

TABLE  A2.19 


PBOT°Ns  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 

UnrV*™  °F  V*  A#  SPECTB0H  * 2. 4 000000 E 02  NAUTICAL  MILES 
ANGLE  OF  V*  A*  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 


RATE 


RATE 


R#T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CH2) 

REM 

PER  1.00  DAT 

2.00 

2. 42E-0 1 

3.00 

1.8  IE-01 

5.00 

1.18E-01 

7.00 

8.  5 IE-02 

10.00 

5.75E-02 

15.00 

3.44E-02 

20.00 

2.26E-02 

25.00 

1.57E-02 

30.00 

1.14E-02 

35.00 

8.  46E-03 

40.00 

6.43E-03 

45.00 

4.97E-G3 

50.00 

3.89E-03 

60.00 

2.47E-03 

70.00 

1.62E-03 

80.00 

1.09E-03 

90.00 

7.47E-04 

100.00 

5.20E-04 

R.T  * 15.0  G/CM2 

R.T  = 0.0  G/ZH 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

3.18E-02 

2.34E-01 

2.92E-02 

1.72E-01 

2.47E-02 

1.09E-01 

2.12E-02 

7.65E-02 

1.70E-02 

4.98E-02 

1.22E-02 

2.80E-02 

9.05E-03 

1.74E-02 

6.84E-03 

1. 14E-02 

5.27E-03 

7. 80E-03 

4. 12E-03 

5.48E-03 

3. 25E-03 

3.94E-03 

2.60E-03 

2.87E-03 

2.09E-03 

2. 13E-03 

1.39E-03 

1.20E-03 

9.4  IE-04 

6.96E-04 

6.50E-  04 

4.14E-04 

4.56E-04 

2.50E-04 

3.24E-04 

1.53E-04 

DDSE  EQUIVALENT 
RATE 

fi.T  = 15,0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.  57E-02 
2.  33E-02 
1. 93E-02 
1. 61E-02 
1.25E-02 
8. 49E-03 
5. 93E-03 
4. 24E-03 
3. 09E-03 
2. 28E-03 
1.  70E-03 
1.  28E-03 
9. 7 IE- 04 
5.69E-04 
3. 41E-04 
2.06E-04 
1. 27E-04 
7.85E-05 
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TABLE  A2.20 


PROTONS  AS  INCIDENT  PARTICLES 

SHIELD  MATERIAL  COPPER 

ALTITUDE  OF 

V. 

A.  SPECTRUM  = 2 

•4000000E  02  NAUTICAL 

MILES 

ANGLE  OF  V* 

A. 

SPECTRUM  = 9.0000000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

PATE 

RATE 

RATE 

RATE 

R»T  = 0.0  G/CM2 

R.T  * 15.0  G/CK2 

R,T  * 0.0  G/CM2 

R,T  = 15. D G/CM2 

SHIELD 

MITHOUT 

MITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CK2J 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAI 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.63E-01 

2.92E-02 

2.59E-01 

2.  38E-32 

3.00 

2. 10E-01 

2.76E-02 

2.05E-01 

2.24E-02 

5.00 

1.50E-01 

2.48E-02 

1.44E-01 

1. 98E-02 

7.00 

1.16E-01 

2.24E-02 

1.10E-01 

1.77E-02 

10.00 

8.47E-02 

1.94E-02 

7.82E-02 

1. 50E-02 

15.00 

5.58E-02 

1.54E-02 

4.97E-02 

1. 15E-02 

20.00 

3.97E-02 

1.25E-02 

3.41E-02 

8. 99E-03 

25.00 

2.96E-02 

1.02E-02 

2.45E-02 

7. 1 1E-03 

30.00 

2.28E-02 

8.46E-03 

1.82E-02 

5.  69E-03 

35.00 

1.79E-02 

7.07E-03 

1.39E-02 

4.59E-03 

40.00 

1.44E-02 

5.95E-03 

1.07E-02 

3.  73E-03 

45.00 

1.17E-02 

5.04E-03 

8.43E-03 

3. 05E-03 

50.00 

9.63E-03 

4.29E-03 

6.70E-03 

2*  5 IE- 03 

60.00 

6.71E-03 

3.16E-03 

4.35E-03 

1.73E-03 

70.00 

4.81E-03 

2.37E-03 

2.91E-03 

1.  2 IE-03 

80.00 

3.52E-03 

1.80E-03 

1.99E-03 

8.  54E-04 

90.00 

2. 62E-03 

1.38E-03 

1.38E-03 

6. 10E-04 

100.00 

1.99E-03 

1.07E-03 

9.74E-04 

4.40E-04 

TABLE  A2.21 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V,  A.  SPECTRUM  = 2.4000000E  02  NAUTICAL  MILES 
ANGLE  OF  V,  A*  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R#T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R#  S (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

3 .972*01 

3.00 

3.05E-01 

5.00 

2.08E-01 

7.00 

1.56E-0I 

10.00 

1.1  IE-01 

15.00 

7. 13E-02 

20.00 

4.98E-02 

25.00 

3.67E-02 

30.00 

2.79E-02 

35.00 

2. 18E-02 

40.00 

1.74E-02 

45.00 

1.41E-02 

50.00 

1. 15E-02 

60.00 

7.96E-03 

70.00 

5.67E-03 

80.00 

4.14E-03 

90.00 

3.07E-03 

100.00 

2.31E-03 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R.T  = 0.0  G/CM 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

3.40E-02 

3.92E-01 

3.21E-02 

2. 98E-01 

2.88E-02 

2.00E-01 

2.59E-02 

1.48E-01 

2.23E-02 

1.03E-01 

1.77E-02 

6.34E-02 

1.42E-02 

4.28E-02 

1.16E-02 

3.04E-02 

9.59E-03 

2. 23E-02 

7.99E-03 

1.68E-02 

6.71E-03 

1.30E-02 

5.67E-03 

1.01E-02 

4.82E-03 

8. 00E-03 

3.54E-03 

5. 16E-03 

2.64E-03 

3.43E-03 

2.00E-03 

2.33E-03 

1.53E-03 

1.61E-03 

1.18E-03 

1.  13E-03 

DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

PPM 

PER  1.00  DAY 
2.77E-02 
2. 60E-02 
2. 30E-02 
2.04E-02 
1.72E-02 
1.32E-02 
1.O2E-02 
8.07E-03 
6. 43E-03 
5. 18E-03 
4. 20E-03 
3.43E-03 
2*  8 IE-03 
1.93E-03 
1.  34E-03 
9.48E-04 
6. 76E-04 
4. 87E-04 
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TABLE  A2.22 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V,  A*  SPECTRUM  * 1.5000000E  03  NAUTICAL  MILES 


INGLE  OF  V.  A. 

SPECTRUM  = 0.0 

ABSORBED  DOSE 

DEGREES 
ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  « 0.0  G/CM2 

R,T  *=  15.0  G/CM2 

R.T  = 0.0  G/CM2 

R,T  * 15.0  G/CM2 

SHIELD 

HITHOUT 

HITHOUT 

WITH 

HITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

H.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAT 

PER  1.00  DAY 

PER  1.00  DAI 

PER  1.00  DAY 

2.00 

2.20E  02 

5.32E  01 

2.16E  02 

4.34E  01 

3.00 

1.89E  02 

5.08E  01 

1.83E  02 

4.  1 1E  01 

5.00 

1.50E  02 

4.66E  01 

1.42E  02 

3. 70S  01 

7.00 

1.25E  02 

4.28E  01 

1.16E  02 

3.34E  01 

10.00 

9.98E  01 

3.79E  01 

8.99E  01 

2.88E  01 

15.00 

7.37E  01 

3.13E  01 

6.33E  01 

2.28E  01 

20.00 

5.71E  01 

2.62E  01 

4.69E  01 

1.82E  01 

25.00 

4.57E  01 

2.22E  01 

3.58E  01 

1.47E  01 

30.00 

3.72E  01 

1.89E  01 

2.80E  01 

1.20E  01 

35.00 

3.08E  01 

1.62E  01 

2.22E  01 

9.86E  00 

40.00 

2.59E  01 

1.40E  01 

1.78B  01 

8.13B  QO 

45.00 

2.19E  01 

1.21E  01 

1.44E  01 

6.74E  00 

50.00 

1.87E  01 

1.05E  01 

1.17E  01 

5.61E  00 

60.00 

1.38E  01 

8.08E  00 

7.95E  00 

3.93E  00 

70.00 

1.04E  01 

6.26E  00 

5.49E  00 

2.78E  00 

80.00 

8.01E  00 

4. 90S  00 

3.85E  00 

1.98E  00 

90.00 

6.21E  00 

3.88E  00 

2.72E  00 

1.43E  00 

100.00 

4.86E  00 

3.08E  00 

1.94E  00 

1.03E  00 

TABLE  A2.23 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V,  A,  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 

ANGLE  OF  V.  A*  SPECTRUM  =0*0  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE  RATE 

R,T  = 0.0  G/CM2  R,T  = 15.0  G/CM2 

SHIELD  HITHOUT  WITHOUT 

DEPTH  ATTENUATION  ATTENUATION 


RATE 

R#T  * 0.0  G/CM2 

WITH 

ATTENUATION 


R»  S (G/CM2)  REM 

PER  1.00  DAY 


2.00 

2.90E 

02 

3.00 

2.  42E 

02 

5.00 

1.86E 

02 

7.00 

1.52E 

02 

10.00 

1.20E 

02 

15.00 

8.69E 

01 

20.00 

6.67E 

01 

25.00 

5.29E 

01 

30.00 

4.29E 

01 

35.00 

3.  53E 

01 

40.00 

2.95E 

01 

45.00 

2.49E 

01 

50.00 

2.12E 

01 

60.00 

1.56E 

01 

70.00 

1.17E 

01 

80.00 

8.98E 

00 

90.00 

6.95E 

00 

100.00 

5.43E 

00 

REM 

PER  1.00  DAT 
2.84E  02 
2.34E  02 
1.76E  02 
1.41E  02 
1.08E  02 
7.46E  01 
5.46E  01 
4.14E  01 
3.21S  01 
2.53E  01 
2.02E  01 
1.63E  01 
1.33E  01 
8*  95E  00 
6.16E  00 
i vj\j  4.31E  00 

4.24E  00  3.C4E  00 

3.37E  00  2.I7E  00 


REM 

PER  1.00  DAY 
6.04E  01 
5.77E  01 
5.27E  01 
4.83E  01 
4.27E  01 
3.5 IE  01 
2.93E  01 
2.47E  01 
2.10E  01 
1.80E  01 
1.55E  01 
1.34E  01 
1.16E  01 
8.89E  00 
6.88E  00 


DDSE  EQUIVALENT 
RATE 

R»T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
4.  92E  01 
4.65E  01 
4.17E  01 
3.76E  01 
3.23E  01 
2.55E  01 
2.03E  01 
1.64E  01 
1.33E  01 
1.09E  01 
8.98E  00 
7.43E  00 
6. 18E  00 
4.32E  00 
3.05E  00 
2. 17E  00 
1.56E  00 
1.  13E  00 
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TABLE  A2.24 

PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATEHIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 


ANGLE  OF  V. 

A.  SPECTRUM  = 0.0 

ABSORBED  DOSE 

DEGREES 
ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED 

DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  » 0.0  G/CM2 

R,T  * .15.0  G/CM2 

R,T  = 0.0  G/0M2 

R,T  = 15.0 

G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

R,S  (G/CM2) 

2*00 

3.00 

5.00 
7*00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.0G 


ATTENUATION 

EAD 

PER  1.00  DAY 
1.90E  02 
1.60E  02 
1.23E  02 
9.99E  01 
7.73E  01 
5.45E  01 
4.06E  01 
3.  12E  01 
2.46E  01 
1.97E  01 
1.60E  01 
1.31E  01 
1.09E  OT 
7.59E  00 
5.42E  00 
3.94E  00 
2.90E  00 
2. 16E  00 


ATTENUATION 


RAD 

PER  1.00  DAY 
5.15E  01 
4.84E  01 
4.31E  01 
3.86E  01 
3.30E  01 
2.59E  01 
2.07E  01 
1.67E  01 
1.37E  01 
1.13E  01 
9.42E  00 
7.89E  00 
6.64E  00 
4.78E  00 
3.49E  00 
2.58E  00 
1.93E  00 
1.46E  00 


ATTENUATION 

RAD 

PER  1.00  DAY 
1.84E  02 
1.52E  02 
1.14E  02 
9.04E  01 
6.74E  01 
4.47E  01 
3.14E  01 
2.28E  01 
1.70E  01 
1.28E  01 
9.83E  00 
7.61E  00 
5.95E  00 
3.69E  00 
2.33E  00 
1.49E  00 
9.65E-01 


ATTENUATION 


RAD 


PER 

1.00  DAY 

4. 

18E 

01 

3. 

88E 

01 

3. 

38E 

01 

2. 

95E 

01 

2. 

44E 

01 

1. 

8 IE 

01 

1. 

36E 

01 

1. 

042 

01 

8. 

04E 

00 

6. 

27E 

CO 

4. 

92E 

00 

3. 

B9E 

00 

3. 

08E 

00 

1. 

96E 

00 

1. 

26E 

00 

8. 

16E- 

01 

5. 

33E- 

01 

3. 

50E- 

“Q1 

6.28E-01 


TABLE  A2.25 


P BO TO US  AS  IHC ID BUT  PARTICLES  SHIELD  HATEBIAL  POLIETHTLENE 
ALTITUDE  OF  V.  A.  SPECTBUH  = 1. 5000000 E 03  NAUTICAL  NILES 


il 


ANGLE  OF  V.  A.  SPECTBUH  * 0.0 

DOSE  EQUIVALENT 


SHIELD 


DEPTH 


DEGREES 

DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 


RATE 


RATE 


R #T 


0.0  G/CM2 


R,T  * 15.0  G/CH2 


R#T  * 0.0  G/CS2 


WITHOUT 


ATTENUATION 


WITHOUT 


WITH 


ATTENUATION 


ATTENUATION 


DOSE  EQUIVALENT 


RATE 


R,T  * 15.0  G/CN2 


WITH 


ATTENUATION 


PER  1.00  DAY 

PER  1.00  DAY 

P1R  1.1 

DO  DAY 

PER  1.00  DAY 

2.00 

2.  34E 

02 

5.84E 

01 

2.26E 

02 

4.73E  01 

3.00 

1.93E 

02 

5.  49E 

01 

1.83E 

02 

4.39E  01 

5.00 

1.45E 

02 

4.87E 

01 

1.34E 

02 

3. 80S  01 

7.00 

1.  16E 

02 

4.35E 

01 

1 » 05E 

02 

3.32E  01 

10.00 

8.86E 

01 

3.70E 

01 

7.70E 

01 

2.73E  01 

15.00 

6.  17E 

01 

2.89E 

01 

5.04E 

01 

2.01E  01 

20.00 

4.55E 

01 

2.30E 

01 

3. 5 IE 

01 

1.51E  01 

25.00 

3.48E 

01 

1.86E 

01 

2.54E 

01 

1.  15E  01 

30.00 

2.73E 

01 

1.52E 

01 

1.88E 

01 

8. 88E  00 

35.00 

2.  18E 

01 

1.25E 

01 

1.42E 

01 

6. 90S  00 

40.00 

1.77E 

01 

1.04E 

01 

1.08E 

01 

5.41E  00 

45.00 

1.44E 

01 

8.68E 

00 

8.36E 

.00 

4.  27E  00 

50.00 

1.19E 

01 

7.30E 

00 

6.52E 

00 

3.38E  00 

60.00 

8.32E 

00 

5.23E 

00 

4.04E 

00 

2.  14B  00 

70.00 

5.92E 

00 

3.82E 

00 

2.54E 

00 

1.38E  00 

80.00 

4.30E 

00 

2.82E 

00 

1.63E 

00 

8.90E-01 

90.00 

3. 16E 

00 

2.10E 

00 

1.05E 

00 

5. 8 1E-0 1 

100.00 

2.34E 

00 

1.58E 

00 

6.83S-01 

3. 8 IE-01 
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TABLE  A2.26 


P BO  TUB'S  AS  I BC  ID  BBT  PARTICLES  SHIELD  HATBBIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  * 1.5000000E  03  NAUTICAL  MILES 


ARGLE  0?  V.  1.  SPECTROB  * 

ABSORBED 

0.0 

DOSE 

DEGREES 
ABSORBED  D3SE 

ABSORBED 

DOSE 

ABSORBED 

DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  » 0.0 

G/CH2 

R.T  * 15.0  G/CM2 

R.T  * 0.0 

G/CM2 

R.r  « 15.0 

G/CR2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

S CG/CH2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAI 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.40E 

02 

5.39E 

01 

2.37E 

02 

4.  42E 

01 

3.00 

2.07E 

02 

5.18E 

01 

2.032 

02 

4.22E 

01 

5.00 

1.67E 

02 

4.80E 

01 

1.60E 

02 

3.85E 

01 

7.00 

1.4QE 

02 

4.46E 

01 

1.33E 

02 

3.53E 

01 

10.00 

1.  14E 

02 

4.01E 

01 

1.05E 

02 

3.  1 1E 

01 

15.00 

8.56E 

01 

3.39E 

01 

7.63E 

01 

2.54E 

01 

20.00 

6.75E 

01 

2.89B 

01 

5.81E 

01 

2.09E 

01 

25.00 

5.48E 

01 

2.49E 

01 

4.55E 

01 

1.74E 

01 

30.00 

4.54E 

01 

2.162 

01 

3.63E 

01 

1.45E 

01 

35.00 

3.81E 

01 

1.88E 

01 

2.95E 

01 

1.22E 

01 

00.00 

3.  23E 

01 

1.65E 

01 

2.42E 

01 

1.04E 

01 

45.00 

2.77E 

01 

1.45E 

01 

2.00E 

01 

8.79E 

00 

50.00 

2.  39  E 

01 

1.28E 

01 

1.67E 

01 

7.49E 

00 

60.00 

1.81E 

01 

1.00E 

01 

1.18B 

01 

5.49E 

00 

70.00 

1.  402 

01 

7.99E 

00 

8.48B 

00 

4.07E 

00 

80.00 

1 • 1 0B 

01 

6.40E 

00 

6.19E 

00 

3.04E 

00 

90.00 

8.  69  E 

00 

5.17B 

00 

4.58E 

00 

2.29E 

00 

100.00 

6.96E 

00 

4.21E 

00 

3.41E 

00 

1.73E 

00 
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TABLE  A2.27 


PROTOHS  IS  Z 1C  ZD  BIT  PIBTZC1BS 

SHIELD  HITE RIAL  COPPER 

ALTITUDE  OF 

V. 

A.  SPECTRUM  - 1 

.50000001  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  « 0.0 

DOSE  EQUIVALENT 

RATE 

R*T  * 0.0  G/CH2 

DEGRESS 

DOSE  EQUIVALENT 
RATE 

R.T  * 15.0  G/CN2 

DOSE  EQUIVALENT 
RATE 

R #T  * 0.0  G/2M2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  (G/CH2I 

PER  1.00  DAY 

REM 

PER  1.00  DAI 

REH 

PER  1.00  DAY 

2.00 

3.33E  02 

6.13E  01 

3.29E  02 

3.00 

2.79E  02 

5.88E  01 

2.73E  02 

5.00 

2.  16E  02 

5.44E  01 

2.08E  02 

7.00 

1.79E  02 

5.041  01 

1.69E  02 

10.00 

1.42E  02 

4.52E  01 

1.31E  02 

15.00 

1.05E  02 

3.81E  01 

9.33E  01 

20.00 

8.  16E  01 

3.24E  01 

7.01E  01 

25.00 

6.56E  01 

2.78E  01 

5.44E  01 

30.00 

5.39E  01 

2.40E  01 

4.31E  01 

35.00 

4.-50E  01 

2.09E  01 

3.48E  01 

40.00 

3.80E  01 

1.83E  01 

2.84E  01 

45.00 

3.24B  01 

1.60S  01 

2.34E  01 

50.00 

2.79E  01 

1.41E  01 

1.94E  01 

60.00 

2.10B  01 

1.11E  01 

1.36E  01 

70.00 

1.62E  01 

8.79E  00 

9.78E  00 

60.00 

1.26E  01 

7.04E  00 

7.12E  00 

90.00 

9.98E  00 

5.67E  00 

5.25E  00 

100.00 

7.96E  00 

4.6 IE  00 

3.90E  00 

* * • 

¥ 

* »*""  ' % * 

* ■ * . * 

■ % t.  * * 

IS  it  ■ ■ r s 

DOSE  EQUIVALENT 
BATE 

R,T  * 15.0  G/CM2 
WITH 

ATTENUATION 

BEN 

PER  1.00  DAY 
5.01E  01 
4.77E  01 
4.35E  01 
3.98E  01 
3.49E  01 
2.84E  01 
2.34E  01 
1.94E  01 
1.62E  01 
1.36E  01 
1.15E  01 
9.71E  00 
8.27E  00 
6.05E  00 
4.47E  00 
3.34E  00 
2.51E  00 
1.90E  00 


t \ 


*•  -I 
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TABLE  A2.28 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


ABSORBED  DOSE 
RATE 


R #T  = 0.0  G/CM2 


SHIELD 

HITHOUT 

DEPTH 

ATTENUATION 

R.S  CG/CM2) 

RAD 

PER  1.00  DAY 

2.00 

1.10E 

02 

3.00 

9.  37E 

01 

5.00 

7.34E 

01 

7.00 

6.06E 

01 

10.00 

4.79E 

01 

15.00 

3.48E 

01 

20.00 

2.67E 

01 

25.00 

2.1  IE 

01 

30.00 

1.70E 

01 

35.00 

1.40E 

01 

40.00 

1.16E 

01 

45.00 

9.76E 

00 

50.00 

8.27E 

00 

60.00 

6.05E 

00 

70.00 

4.51E 

00 

80.00 

3.42E 

00 

90.00 

2.63E 

00 

100.00 

2.04E 

00 

ABSORBED  DOSE  ABSORBED  DOSE 


RATE 

RATE 

T * 15.0  G/CM2 

R,T  = 0.0  G/CM 

HITHOUT 

HITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

2.48E 

01 

1.08E  02 

2.36E 

01 

9.06E  01 

2.15E 

01 

6.95E  01 

1.97E 

01 

5.62E  01 

1.73E 

01 

4.32E  01 

1.42E 

01 

2.99E  01 

1.18E 

01 

2.19B  01 

9.90E 

00 

1.65B  01 

8.37E 

00 

1.28E  01 

7.13E 

00 

1.00E  01 

6.12E 

00 

7.98E  00 

5.27E 

00 

6.41E  00 

4.56E 

00 

5.19E  00 

3.46E 

00 

3.48E  00 

2.65E 

00 

2.37E  00 

2.06E 

00 

1.65E  OC 

1.6  IE 

00 

1.15E  00 

1.27E 

00 

8.16E-01 

ABSORBED  DOSE 
RATE 

R,T  = 15,0  3/CM2 
WITH 

ATTENUATION 

RAD 

PER  1,00  DAY 
2.02E  01 
1.91E  01 
1.71E  01 
1.54E  01 
1.32E  01 
1.03E  01 
8.20E  00 
6.58E  00 
5. 33E  00 
4.34E  00 
3.56E  00 
2*  93E  00 
2.43E  00 
1.68E  00 
1.18E  00 
8.33E-01 
5. 94E-01 
4.27E-01 
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TABLE  A2.29 


P BOTOVS  AS  INCIDENT  PARTICLES  SHIELD  H ATEBIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  * 1 .5000000 E 03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 3.00000002  01  DEGREES 


DOSE  EQUIVALENT 
RATE 

R.T  = 0.0  G/CM2 

SHIELD  NITHOUT 

DEPTH  ATTENUATION 

B,S  (G/CM2)  REM 


PER  1.00  DAY 

2.00 

1.46E 

02 

3.00 

1.21E 

02 

5.00 

9.17E 

01 

7.00 

7.44E 

01 

10.00 

5.78E 

01 

15.00 

4.  13E 

01 

20.00 

3.13E 

01 

25.00 

2.45E 

01 

30.00 

1.97E 

01 

35.00 

1.6  IE 

01 

40.00 

1.33E 

01 

45.00 

1.11E 

01 

50.00 

9.40E 

00 

60.00 

6*  85E 

00 

70.00 

5.09E 

00 

80.00 

3.  85E 

00 

90.00 

2.95E 

00 

100.00 

2.  28E 

00 

^ iin, , i . _ t — ■ a i—— l A 


DOSE  EQUIVALENT  DOSE 

RATE 

R*T  = 15.0  G/CM2  R#T  * 
NITHOUT 

ATTENUATION  ATI 

REM 

PER  1.00  DAY  PER 

2.82E  01  1. 

2.69E  01  1. 

2.44E  01  8. 

2.23E  01  6. 

1.96E  01  5. 

1.60E  01  3. 

1.32E  01  2. 

1.11E  01  1. 

9.33E  00  1. 

7.93E  00  1. 

6.79E  00  9. 

5.84E  00  7. 

5.04E  00  5. 

3.81E  00  3. 

2.92E  00  2. 

2. 26E  00  1 . 

1.77B  00  1. 

1.39E  00  9. 


^ **■ ’ . .... ... 


EQUIVALENT 

DDSE  EQUIVALENT 

RATE 

RATE 

0.0  G/CH2 

R,T  * 15.0  G/CM2 

NITH 

NITH 

'ENUATION 

ATTENUATION 

REM 

REM 

1.00  DAY 

PER  1.00  DAY 

43E  02 

2. 30S  01 

17E  02 

2.  17E  01 

68E  01 

1.94E  01 

90E  01 

1.74E  01 

20E  01 

1.48E  01 

54E  01 

1.  16E  01 

56E  01 

9. 16E  00 

92E  01 

7.33E  00 

47E  01 

5. 92E  00 

15E  01 

4. 8 IS  GO 

12E  00 

3.94E  00 

30E  00 

3.24E  00 

90E  00 

2. 682  00 

93E  00 

1.  35S  00 

67E  00 

1.29E  00 

85E  00 

9. 13E-01 

29E  00 

6.51E-01 

12E-01 

4.67S-01 

TABLE  A2.30 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  NATEBIAL  POLTETHTLENE 
ALTITUDE  OF  V,  A«  SPECTRUM  » 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTBUN  * 3.000000QE  01  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


rate  RATE 


R.T  * 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

H.S  (6/CH2) 

RAD 

PER  1.00  DAY 

2.00 

9.43E  01 

3.00 

7.86E  01 

5.00 

5.97E  01 

7.00 

4.80E  01 

10.00 

3.67E  01 

15.00 

2.  54E  01 

20.00 

1.86E  01 

25.00 

1.42E  01 

30.00 

1.10E  01 

35.00 

8.75E  00 

40.00 

7.04E  00 

45.00 

5.73E  00 

50.00 

4.70E  00 

60.00 

3.24E  00 

70.00 

2.29E  00 

80.00 

1.64E  00 

90.00 

1.20E  00 

100.00 

8. 8 IE-01 

B#T  *15.0  G/CM2  R,T  * 0.0  G/Z&2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

SB  1.00  DAY 

PER  1.00  DAY 

2.39E  01 

9.13E  01 

2.24E  01 

7.49E  01 

1.99E  01 

5.53E  01 

1.77E  01 

4.34E  01 

1.50E  01 

3.19E  01 

1.16B  01 

2.08E  01 

9.20E  00 

1.44E  01 

7.38E  00 

1.03E  01 

5.99E  00 

7.61E  00 

4.  9 IE  00 

5.70E  00 

4.06E  00 

4.33E  00 

3.37E  00 

3.33E  00 

2.82E  00 

2.58E  00 

2.00E  00 

1.58E  00 

1.45E  00 

9.84E-01 

1.06E  00 

6.23E-01 

7.85E-01 

3.99E-01 

5.87E-01 

2.57E-01 

ABSORBED  DOSE 
RATE 

B#T  - 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
1.94E  01 
1. 80E  01 
1.56E  01 
1.35E  01 
1.  11E  01 
8. 12E  00 
6.06E  00 
4. 59E  00 
3.52E  00 
2.72E  00 
2.12E  00 
1.56E  00 
1.31E  00 
8.22E-01 
5.23B-01 
3.36E-01 
2. 17 E- 01 
1.42E-01 


TABLE  A2.31 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


SHIELD 


DEPTH 


R»S  (G/CM2) 


2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


DOSE  EQUIVALENT 


RATS 


R.T  * 0.0  G/CH2 


WITHOUT 


ATTENUATION 


PER 

1. 

9. 

7. 

5. 

4. 
2. 
2. 
1. 
1. 
9. 
7. 

6. 

5. 
3. 
2. 
1. 
1. 
9. 


REM 

1.00  DAY 
17E  02 
53E  01 
06E  01 
60E  01 
22  E 01 
88E  01 
10E  01 
59E  01 
23E  01 
71E  00 
79E  00 
33E  00 
18E  00 
56E  00 
00 


50E 
79E  00 
30E  00 
58E-01 


DOSE  EQUIVALENT 


RATE 


R.T  = 1 5® 0 G/TM2 


WITHOUT 


ATTENUATION 


REM 

PER  1.00  DAY 
2.72E  01 
2.55E  01 
2.25E  01 
2.00E  01 
1.69E  01 
1.30E  01 
1.03S  01 
8.20E  00 
6.65E  00 
5.43E  00 
4.48E  00 
3.72E  00 
3.11E  00 
2.20E  00 
1.59S  00 
1.16E  00 
8.56E-01 
6.40E-01 


DOSE  EQUIVALENT 


RATE 


R.T  = 0.0  G/~M2 


WITH 


ATTENUATION 


REM 

PER  1.00  DAY 
1. 13E  02 
9.07E  01 
6.53E  01 
5.05E  01 
3.67E  01 
2.36E  01 
1.62E  01 
1.1 5E  01 
8.45E  00 
6.31E  00 
4.78E  00 
3.66E  00 
2.83E  00 
1.73E  00 
1.08E  00 
6.80E-01 
4. 35E-0 1 
2.80E-01 





DOSE  EQUIVALENT 
RATE 

R.T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.20E  01 
2.04E  01 
1.76E  01 
1.52E  01 
1.24E  01 
9.06E  00 
6.74S  00 
5.09E  00 
3.89E  00 
3.00E  00 
2.34E  00 
1.  83E  00 
1.44E  00 
9. 0 1E-0 1 
5. 73E-01 
3. 67E-01 
2.37E-01 
1.54E-01 
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TABLE  A2.32 

PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  ?.  A.  SPECTRUM  * 1. 5000000 E 03  NAUTICAL  NILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.00000Q0E  01  DEGREES 


ABSORBED  DOSE 
RATE 


P.#T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

1.21E 

02 

3.00 

1.03E 

02 

5.00 

8.21E 

01 

7.00 

6.86E 

01 

10.  00 

5.  50  E 

01 

15.00 

4.08E 

01 

20.00 

3. 18E 

01 

25.00 

2.55E 

01 

30.00 

2.09E 

01 

35.00 

1.74E 

01 

40.00 

1.47E 

01 

45.00 

1.25E 

01 

50.00 

1. 07  E 

01 

60*00 

8.02E 

00 

70.00 

6.  13E 

00 

80.00 

4.75E 

00 

90.00 

3.  73E 

00 

100.00 

2.96E 

00 

ABSORBED  DOSE  ABSORBED  DOSE 


RATE 

RATE 

T * 15. 

0 G/CM2 

H,I  « 0. 

0 G/0M2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.' 

00  DAY 

PER  1. 

00  DAY 

2.  5 IE 

01 

1.191 

02 

2.41E 

01 

1.01E 

02 

2.22E 

01 

7.89E 

01 

2.06E 

01 

6.48E 

01 

1.84E 

01 

5.08E 

01 

1.54E 

01 

3.63E 

01 

1.31E 

01 

2.73E 

01 

1.12E 

01 

2.  12E 

01 

9.63S 

00 

1.68E 

01 

8.342 

00 

1.35E 

01 

7.26E 

00 

1.10E 

01 

6.352 

00 

9.01E 

00 

5.57E 

00 

7.45E 

00 

4.34E 

00 

5.21E 

00 

3.4  IE 

00 

3.71E 

00 

2.72E 

00 

2.68E 

00 

2.18E 

00 

1.96E 

00 

1.76E 

00 

1.45E 

00 

ABSORBED  DOSE 
RATE 

R#T  * 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
2.06E  01 
1.96E  01 
1.78E  01 
1.63E  01 
1.43E  01 
1.15E  01 
9.45E  00 
7. 80E  00 
6.49E  00 
5.42E  00 
4.56E  00 
3.85E  00 
3.27E  00 
2.37E  00 
1.74E  00 
1.29E  00 
9. 63E-01 
7.24E-01 
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TABLE  A2.33 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R.T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R*  S (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

1.69E  02 

3.00 

1.40E  02 

5.00 

1.07E  02 

7.00 

8.79E  01 

10.00 

6.90E  01 

15.00 

5.02E  01 

20.00 

3.86E  01 

25.00 

3.07E  01 

30.00 

2. 50E  01 

35.00 

2.07S  01 

40.00 

1.73E  01 

45.00 

1.47E  01 

50.00 

1.25E  01 

60.00 

9.34E  00 

70.00 

7. 10E  00 

80.00 

5.49E  00 

90.00 

4. 29 E 00 

100.00 

3.39E  00 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T * 15.0  G/CM2 

R.T  * 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

2.86E  01 

1.66E  02 

2.74E  01 

1.37E  02 

2.53E  01 

1.03E  02 

2.33E  01 

8.31E  01 

2.08E  01 

6.38E  01 

1.74E  01 

4.47E  01 

1.47E  01 

3.31E  01 

1.25E  01 

2.54E  01 

1.08E  01 

2.00E  01 

9.29E  00 

1.60E  01 

8.07E  00 

1.29E  01 

7.05E  00 

1.06E  01 

6.18E  00 

8.72E  00 

4.80E  00 

6.05E  00 

3.77E  00 

4.29E  00 

2.99E  00 

3.09E  00 

2. 395  00 

2.26E  00 

1.93E  00 

1.66E  00 

DOSE  EQUIVALENT 
RATE 

R,T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.34E  01 
2.23E  01 
2. 02E  01 
1.84E  01 
1.61E  01 
1.30E  01 
1.06E  01 
8. 71E  00 
7. 23E  00 
6.03E  00 
5 . 0 6 E 00 
4.27E  00 
3.61E  00 
2.62E  00 
1.92E  00 
1.42E  00 
1.06E  00 
7.93E-01 


TABLE  A2.34 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1. 5000000 E 03  NAUTICAL  MILES 
ANGLE  OF  V#  A,  SPECTRUM  = 6.0000000E  01  DEGREES 


i i 


SHIELD 


DEPTH 


RrS  (G/CM2) 


2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ABSORBED  DOSE 


RATE 


R.T  * 0.0  G/CM2 


WITHOUT 


ATTENUATION 


PER 

5. 

4. 
3. 

3. 
2. 
1. 
1. 
1. 
8. 
7. 

5. 

4. 
4. 
3. 
2. 
1. 
1. 


1. 


RAD 

1.00  DAY 
48  E 01 
66E  01 
65E  01 
02E  01 
39E  01 
74E  01 
33E  01 
06E  01 
54E  00 
02E  00 
85E  00 
92 E 00 
17E  00 
06E  00 
28S  00 
74E  00 
34 E 00 
04E  00 


ABSORBED  DOSE 


RATE 


R.T  = 15.0  G/CM2 


WITHOUT 


ATTENUATION 


RAD 

PER  1.00  DAY 
1.24E  01 
1.18B  01 
1.08E  01 
9.87E  00 
8.70E  00 
7.14E  00 
5.93E  00 
4.98E  00 
4.22E  00 
3.60E  00 
3.09E  00 
2.67E  00 
2.31E  00 
1.75E  00 
1.35E  00 
1.0 5E  00 
8.24E-01 
6.52E-01 


ABSORBED  DOSE 


RATE 


R#T  = 0.0  G/CM2 


WITH 


ATTENUATION 


PER 

5. 

4. 

3. 
2. 
2. 
1. 
1. 
8. 

6. 

5. 

4. 

3. 
2. 
1. 
1. 
8. 

5. 

4. 


RAD 

1.00  DAY 
36E  01 
01 
01 
01 
01 
01 
01 
00 
00 
00 
00 
00 
00 
00 
00 


51E 
46E 
80E 
15E 
49E 
10E 
29E 
4 IE 
04  E 
02E 
23E 
62E 
76E 
20E 
35E-01 
87E-01 
1 6E-01 


ABSORBED  DOSE 


RATE 


R,T  = 15.0  G/CM2 


WITH 


ATTENUATION 


PER  1. 
1.01E 
9.  55E 
8.56E 

7.  70S 
6.  61E 
5.  19S 
4. 12E 

3.  31S 
2.  68E 
2.  19E 
1 • 80S 
1. 48E 
1.23E 

8.  54E 
5.99E 

4.  24E 
3.03E 
2.  18E 


00  DAY 
01 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
-01 
-01 
-01 
-01 
-01 


to 

Ul 


ii 


TABLE  A2.35 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V,  A.  SPECTRUM  = 1. 5000000 E 03  NAUTICAL  MILES 
ANGLE  OF  V*  A.  SPECTRUM  * 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 


RATE 


RATE 


R#T  * 0.0  G/CM2 


R,T  = 15.0  G/CM2 


SHIELD 


DEPTH 


l*H8 


R.T  * 0.0  G/IS2 


WITHOUT 


WITHOUT 


WITH 


ATTENUATION 


ATTENUATION 


ATTENUATION 


..... . ..  ,3  m&rr- •<# 


* ■_ ■'  * _L.„  jfes vyi.... is 


DOSE  EQUIVALENT 


RATE 


R#T  = 15.0  G/CM2 


WITH 


ATTENUATION 


2.00 

PER  1.00  DAY 

PER 

1.00  DAY 

PER  1.00  DAY 

Mi  ki 

PER  1-00 

7.25E 

01 

1. 

4 IE 

01 

7.11E 

01 

1.  15E 

01 

| _ ■ 

3.00 

6.  00E 

01 

1. 

34E 

01 

5.81E 

01 

1 • 0 8 E 

0 1 

5.00 

4.56E 

01 

1* 

22E 

01 

4.32E 

01 

9.69E 

00 

\.  ■: 

7.00 

3.70E 

01 

1. 

12E 

01 

3.43E 

01 

8.70E 

00 

! 

i . . . 

! 

10.00 

2.88E 

01 

9. 

82E 

00 

2.59E 

01 

7,  44E 

00 

[■ 

15.00 

2.06E 

01 

8. 

02E 

00 

1.77E 

01 

5.  8 IE 

00 

i. 

Il'  ■■■■■' 

I*'  \ 

20.00 

1.56E 

01 

6. 

65E 

00 

1.28E 

01 

4.  6 1 E 

00 

f-  ■■ 

25.00 

1.23E 

01 

5. 

56E 

00 

9.61E 

00 

3.  69E 

00 

' 

['  : 

30.00 

9.86E 

00 

4. 

70E 

00 

7.39E 

00 

2.  98E 

00 

l 

> ' 

: ' 

35.00 

8.07E 

00 

4. 

00E 

00 

5.78E 

00 

2.  43E 

00 

1 

40.00 

6.69E 

00 

3. 

43E 

00 

4.58E 

00 

1.  99E 

00 

r-  :: 

45.00 

5.61E 

00 

2. 

95E 

00 

3.67E 

00 

1. 64S 

00 

l 

I'--' 

50.00 

4.74E 

00 

2. 

55E 

00 

2.97E 

00 

1. 36E 

00 

L:  ■' 
P'-. 

60. 00 

3.46E 

00 

1. 

93E 

00 

1.98E 

00 

9. 39E-01 

70.00 

2.58E 

00 

1. 

48E 

00 

1.35E 

00 

6. 585-01 

l 

80.00 

1.95E 

00 

1. 

15E 

00 

9.37E-01 

4. 65E- 

•01 

l ■ 

V : 

L ♦ 

90.00 

1.50E 

00 

9. 

03E-01 

6.57E-01 

3.  32B- 

•01 

r 

1:  ; 

r 

100.00 

1.  16E 

00 

7. 

14E- 

“01 

4.65E-01 

2.  39E- 

“01 

DAY 


N3 

Cn 

00 


i 


ti 


i 


TABLE  A2.36 


; i 


: \ 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A«  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  = 6.0000000E  01  DEGREES 


SHIELD 

DEPTH 


1.S  (G/CM2) 


2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ABSORBED  DOSE 


RATE 


R.T  ...*  0.0  G/CM2 


WITHOUT 


ATTENUATION 


PER 

4. 

3. 
2. 
2. 
1. 
1. 
9. 

7. 

5. 

4. 

3. 
2. 
2. 
1. 
1. 

8. 

6. 

4. 


RAD 

1.00  DAY 
69E  01 
9 IE  01 
97E  01 
39E  01 
83E  01 
27E  01 
34E  00 
12E  00 
55E  00 
41E  00 
00 


56E 
90E  00 
38E  00 
65E  00 
16E  00 
38E-01 
12E-01 
52E-01 


ABSORBED  DOSE 


RATE 


R.T  = 15.0  G/CM2 


WITHOUT 


ATTENUATION 


RAD 

PER  1.00  DAY 
1.20S  01 
1. 12E  01 
9.95E  00 
8.87E  00 
7.53E  00 
5.85E  00 
4.64E  00 
3.72E  00 
3.03E  00 
2.48E  00 
2.06E  00 
1.71E  00 
1.44E  00 
1.02E  00 
7. 4 IE-01 
5.44E-01 
4.03E-01 
3.02E-01 


ABSORBED  DDSE 


RATE 


R.T  = 0.0  G/2M2 


WITH 


ATTENUATION 


RAD 

PER  1.00  DAY 
4.54E  01 
3.73E  01 
2.76E  01 
2.16E  01 
1.59E  01 
1.04E  01 
7.23E  00 
5.20E  00 
3.83E  00 
2.87E  00 
2.19E  00 
1.68E  00 
1.30E  00 
8.01E-01 
5.01E-01 
3.18E-01 
2.04E-01 
1.32E-01 


ABSORBED  DOSE 


SATE 


R.T  = 15.0  G/CM2 


WITH 


ATTENUATION 


RAD 

PER  1.00  DAY 
9. 71 E 00 
9. 0 IE  00 
7.  80E  00 
6. 79S  00 
5.57E  00 
4. 08E  00 
3.05E  00 
2..32E  00 
1.78E  00 
1. 38E  00 
1.07E  00 
8.44E-01 
6.65E-01 
4.  19E-01 
2. 67E-01 
1.  72E-01 
1.12E-01 
7.28E-D2 


NO 

Ui 

VO 


l ZtXU'JtoSZV, 


TABLE  A2.37 


jKsss^Sp1;?  s , f ?jSiSoS  iTir;  Ts;ii?B 

ANGLE  OF  ».  A.  SPECTRUM  = 6.0000000E  01  DEGREES  LK 

T\  A A n n A n w ••  a a 


v | i/iiUflLLO 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 


RATE 


DOSE  EQUIVALENT 


RATE 


SHIELD 


R#T  = 0,0  G/CM2 


R*T  = 15,0  G/CM2  R#T  = 0.0  G/ZH2 


WITHOUT 


WITHOUT 


WITH 


DEPTH 

ATTENUATION 

».S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

5. 8 IE  01 

3.00 

4.74E  01 

5.00 

3.51E  01 

7.00 

2.79E  01 

10.00 

2. 1 1E  01 

15.00 

1.  44E  0 1 

20.00 

1.05E  01 

25.00 

7. 96"  00 

30.00 

6. 1 8£  00 

35.00 

4.89E  00 

40.00 

3.93E  00 

45.00 

3.  20E  00 

50.00 

2.62E  00 

60.00 

1.81E  00 

70.00 

1.27E  00 

80.00 

9.  15E-01 

90.00 

6.67E-01 

100.00 

4.92E-01 

ATTENUATION 

ATTENUATION 

REM 

REM 

ER  1.00  DAY 

PER  1.00  DA 

1.36E  01 

5.62E  01 

1.28E  01 

4.51E  01 

1.13E  01 

3.25E  01 

1.00E  01 

2.52E  01 

8.47E  00 

1.83E  01 

6.55E  00 

1. 18E  01 

5. 17E  00 

8. 1 1E  00 

4.  14E  00 

5.79E  00 

3.36E  00 

4.25E  00 

2.75E  00 

3.18E  00 

2.27E  00 

2. 4 IE  00 

1.89E  00 

1.85E  00 

1.58E  00 

1.43E  00 

1.  12E  00 

8. 77E-0 1 

8. 1 IE-01 

5.47E-01 

5.94E-0 1 

3.47E-01 

4.40E-01 

2.22E-01 

3. 29E-01 

1.44E-01 

DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1. 10E  01 

1.  02E  0 1 
8. 80E  00 
7.  64E  DO 
6.255  00 
4.56E  00 
3.  392  00 

2.  57E  00 
1. 97E  00 
1.52E  00 
1.  185  00 
9. 28E-0 1 
7. 3 IE-01 
4. 59E-01 
2. 93E-01 
1.  38E-01 
1. 22E-01 
7. 94E-02 


TABLE  A2.38 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 6.0000000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DDSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

. 

o 

ii 

Eh 

% 

US 

0 G/CM2 

R s T = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R»  S 4G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1. 

00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2 • 0 0 

5.99E 

01 

1.26E  01 

5. 90S  01 

1.  03E  01 

3 • 0 0 

5. 14E 

01 

1 . 2 IE  01 

5.02E  01 

9. 8 1 E 00 

5#  00 

4.08E 

01 

1.11E  01 

3.92E  01 

8.  93E  00 

7.00 

3. 4 IE 

01 

1.03E  01 

3.23E  01 

8.  1 5E  00 

10.00 

2.74E 

01 

9.23E  00 

2.53E  01 

7.  15E  00 

1 5 • 0 0 

2.03E 

01 

7.75E  00 

1.81E  01 

5.80E  00 

20.00 

1.  59E 

01 

6.58E  00 

1.37E  01 

4. 75E  00 

^5.  0 0 

1.28E 

01 

5.63E  00 

1.06E  01 

3.92E  00 

30.00 

1.05E 

01 

4.85E  00 

8.40E  00 

3.  27E  00 

35.00 

8.74F 

00 

4.20E  00 

6.76E  00 

2. 73E  00 

40.00 

7.37E 

00 

3.66E  00 

5.51E  00 

2.30E  00 

45.00 

6.28E 

00 

3.21E  00 

4.53E  00 

1.95E  00 

50.00 

5.  39E 

00 

2.82E  00 

3.75E  00 

1.  65E  00 

60.00 

4.05E 

00 

2.20E  00 

2.63E  00 

1.20E  00 

70.00 

3.  10F 

00 

1.73E  00 

1.87E  00 

8. 84E-0 1 

80.00 

2.41E 

00 

1.38E  00 

1.36E  00 

6. 57E-01 

90.00 

1.89E 

00 

1.11E  00 

9.96E-01 

4. 9 1E-0 1 

100.00 

1.50E 

00 

8.96E-01 

7.38E-01 

3. 70E-01 
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TABLE  A2.39 


PBOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 


ALTITUDE  OF  V. 

A.  SPECTRUM  = 1. 

5000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  = 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

R#  T = 15.0  G/CM2 

B,T  = 0.0  G/CM2 

B#T  - 15.3  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.30  DAY 

2.00 

8.39E  01 

1.43E  01 

8.27E  01 

1.  1 7E  31 

3.00 

6.97E  01 

1.37E  01 

6.81E  01 

1. 1 IE  01 

5.00 

5.34E  01 

1.26E  01 

5.13E  01 

1.01E  01 

7.00 

4.37E  01 

1.17E  01 

4.14E  01 

9.22E  00 

10.00 

3.44E  01 

1.04E  01 

3.18E  01 

8. 065  00 

15.00 

2.50E  01 

8.73E  00 

2.23E  01 

6.51E  00 

20.00 

1.93E  Cl 

7.38E  00 

1.65E  01 

5. 32E  00 

25.00 

1.535  01 

6.30E  00 

1.27E  01 

4. 38E  00 

30.00 

1.25E  Cl 

5. 4 IE  00 

1.00E  01 

3.  64E  30 

35.00 

1.04E  Cl 

4.68E  00 

e.OCE  00 

3.04E  00 

40.00 

8.70E  00 

4.07E  CO 

6.49E  00 

2.55E  00 

45.00 

7.38E  00 

3.56E  00 

5.31E  00 

2.15E  00 

50.00 

6.31E  CO 

3.12E  CO 

4.39E  00 

1.  835  30 

60.00 

4.71E  00 

2.43E  00 

3.05E  00 

1.32E  00 

70.  OC 

3.59E  CO 

1.91E  00 

2.17E  00 

9. 73E-01 

90.00 

2.78E  00 

1.52E  00 

1.57E  00 

7.22E-01 

90.00 

2.  17E  00 

1.22E  GO 

1.14E  00 

5. 38E-0 1 

100.00 

1.72E  00 

9.83E-01 

8.46E-01 

4.06E-G1 

TABLE  A2.40 


PROTCNS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OP  ?.  A*  SPECTRUM  * 1. 5000000 E 03  NAUTICAL  MILES 
ANGLE  OP  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R#T  * 0.0  G/CM2 

R,T  * 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R.T  = 15.0  G/3M2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  IG/CH2} 

BAD 

RAD 

RAD 

RAD 

PER  1.00  DAT 

PER  1.00  DAT 

PER  1.00  DAT 

PER  1.00  DAT 

2*00 

4.70E  01 

1.07E  01 

4.60E  01 

8.69E  00 

3,00 

4.00E  01 

1.02E  01 

3.87E  01 

8.22S  00 

5.00 

3.14E  01 

9.27E  00 

2.97E  01 

7.365  00 

7.00 

2.59E  01 

8.49E  00 

2.41E  01 

6.63B  00 

10.00 

2.05E  01 

7.49E  00 

1.85E  01 

5.  69K  00 

15.00 

1.50E  01 

6.15E  00 

1.29E  01 

4.46E  00 

20.00 

1.15E  01 

5.11E  00 

9.42E  00 

3.55E  00 

25.00 

9.09E  00 

4.29E  00 

7.13E  00 

2.85E  00 

30.00 

7.35E  00 

3.63E  00 

5.52E  00 

2.31E  00 

35.00 

6.05E  00 

3.10E  00 

4.34E  00 

1.89E  00 

4G.00 

5.03E  00 

2.66E  00 

3.46E  00 

1.55E  00 

45.00 

4.23E  00 

2.30E  00 

2.78E  00 

1.28E  00 

50.00 

3.59E  00 

1.99E  00 

2.26E  00 

1.06E  00 

60.00 

2.63E  00 

1.51E  00 

1.51E  00 

7.36E-01 

70.00 

1.97E  00 

1.16E  00 

1.04E  00 

5.  17E-01 

80.00 

1.50E  00 

9.04E-01 

7.20B-01 

3. 66B-0 1 

90.00 

1.15E  00 

7.10E-01 

5.06E-01 

2.62E-01 

100.00 

8.97E-01 

5.62E-01 

3.58E-01 

1. 88B-01 

TABLE  A2.41 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  - 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


PATE 

RATE 

RATE 

RATE 

R # T = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R#T  =00  G/IN2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

6.22E  01 

1.21E  01 

6.10E  01 

9.  88E  00 

3.00 

5. 15E  01 

1.16E  01 

4.98E  01 

9.32E  00 

5.00 

3.92E  01 

1.05E  01 

3.71E  01 

8.34S  00 

7.00 

3.  18F  01 

9.62E  00 

2.95E  01 

7. 48 E 00 

10.00 

2.47E  01 

8.45E  00 

2.23E  01 

6.40E  00 

15.00 

1.77E  01 

6.91E  00 

1.52E  01 

5.  00E  00 

20.00 

1.34E  01 

5.72E  00 

1.10E  01 

3.96E  00 

25.00 

1.06E  01 

?*.  79E  00 

8.27E  00 

3.  18E  00 

30.00 

8.49E  00 

4.05E  00 

6.36E  00 

2.57E  00 

35.00 

6.94E  00 

3.45E  00 

4.98E  00 

2.09E  00 

40.00 

5.76E  00 

2.95E  00 

3.95E  00 

1.71E  00 

45.00 

4.83E  00 

2.54E  00 

3.16E  00 

1.41E  00 

50.00 

4.08E  00 

2.20E  00 

2.56E  00 

1.  17E  00 

60.00 

2.98E  00 

1.67E  00 

1.71E  00 

8.  09E-01 

70.00 

2.22E  00 

1.28E  00 

1.17E  00 

5. 67E-Q1 

80.00 

1.68E  00 

9.92E-01 

8.08E-01 

4. 0 1E-0 1 

90.00 

1.29E  00 

7.78E-01 

5.66E-01 

2. 86E-01 

ICO. 00 

1.00E  00 

6.15E-01 

4.00E-01 

2.  06E-01 

TABLE  A2.42 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


ALTITUDE  OF 

V. 

A.  SPECTRUM  = 1. 

5000000 E 03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 9. 00000C0E  01  DEGREES 

ABSORBED  DOSE 

A3S0F  BED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/3M2 

R*  T = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R*  S (G/CM2) 

RAD 

PAD 

RAD 

PAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

4.03E  01 

1.03E  01 

3.89E  01 

8.35E  00 

3.00 

3.36E  01 

9.66E  00 

3.20E  01 

7. 75E  00 

5.00 

2.55E  01 

8.56E  00 

2.37E  01 

6.71E  00 

7.00 

2.06E  01 

7.63E  00 

1.86E  01 

5. 8 4 E 00 

10.00 

1.57E  01 

6.48E  00 

1.37E  01 

4.79E  00 

15.00 

1.09E  01 

5.04E  00 

8.96E  00 

3. 52E  00 

20.00 

8.04E  00 

3.99E  00 

6.22E  00 

2.  63E  00 

25.00 

6.  12E  00 

3.21E  00 

4.47E  00 

2.  00 E DO 

30.00 

4.78E  00 

2.61E  00 

3.30E  00 

1.53E  00 

35.00 

3.80E  00 

2.14E  00 

2.47E  00 

1. 19E  00 

40.00 

3.06E  00 

1.77E  00 

1.88E  00 

9.26E-01 

45.00 

2. 50E  00 

1.48E  00 

1.45E  00 

7.  27E-01 

50. CO 

2.05E  00 

1,24E  00 

1.12E  00 

5.73E-01 

60.00 

1.42E  00 

8. 9 IE-01 

6.90E-01 

3. 6 1E-0  1 

70.00 

1.C0E  00 

6.39E-01 

4.32E-01 

2. 31E-01 

80.00 

7. 23E-01 

4.69E-01 

2.74E-01 

1. 48E-0  1 

90.  OC 

5.28E-01 

3.48E-01 

1.76E-01 

9.62E-02 

100.00 

3.90E-01 

2. 6 IE-01 

1. 14E-01 

6.27E-02 
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TABLE  A2.43 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 


RATE 


RATE 


R #T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

4.98E  01 

3.00 

4.07E  01 

5. CO 

3.02E  01 

7.00 

2.40E  01 

10.00 

1.81E  01 

15.00 

1.24E  01 

20.00 

9.C4E  00 

25.00 

6.85E  00 

30.00 

5.32E  CO 

35.00 

4.21E  00 

40.00 

3.39E  00 

45.00 

2.75F  00 

50.00 

2.26E  00 

60.00 

1.56E  00 

70. CO 

1.10E  00 

80.00 

7. 88E-0 1 

90.00 

5.75E-01 

100.00 

4.24E-01 

R,T  = 15.0  G/CM2  R#T  = 0.0  G/CM2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

1.17E  01 

4.82E  01 

1. 10E  01 

3.87E  01 

9.69E  00 

2.79E  01 

8.62E  00 

2.16E  01 

7.29E  00 

1.57E  01 

5. 64E  00 

1.01E  01 

4.45E  00 

6.98E  00 

3.56E  00 

4.99E  00 

2.89E  00 

3.66E  00 

2.37E  00 

2.74E  00 

1.95E  00 

2.08E  00 

1.63E  00 

1.59E  00 

1.36E  00 

1.23E  OC 

9.66E-01 

7 • 56E-0 1 

6.99E-01 

4.72E-01 

5. 12E-01 

2.99E-01 

3.79E-01 

1.92E-01 

2.84E-01 

1.24E-01 

DOSE  EQUIVALENT 
RATE 

H#T  = 15.0  G/CM2 
WITH 

ATTENUA  TIDN 
REM 

PER  1.00  DAY 
9.48E  00 
8.76E  00 
7.57E  00 
6.  58 E 00 
5.37E  00 
3.  92E  00 
2.  92E  00 
2,  2 1 E 00 
1.69E  00 
1. 31E  00 
1.02E  00 
8. 00E-01 
6. 30E-01 
3- 96E-01 
2.  52E-01 
1.52E-01 
1. 05E-01 
6. 84E-02 
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TABLE  A2.44 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A,  SPECTRUM  = 1.500000GE  03  NAUTICAL  MILES 
ANGLE  OF  V,  A*  SPECTRUM  = 9.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 

RATE 

RATE 

RATE 

E.T  = 0. 

0 G/CH2 

R.T  = 15.0  G/CM2 

R.T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

BAD 

PAD 

RAD 

PER  l.i 

00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PEP  1.00  DAY 

2.  OC 

5. 14E 

01 

1.08E  01 

5.06E  01 

8. 85E  00 

KJ 

3.  00 

4.  41E 

01 

1.04E  01 

4.31E  01 

8.43E  00 

1 V 

O' 

5*00 

3.51E 

01 

9.58E  00 

3.37E  01 

7.  68 E 00 

7.00 

2.93E 

01 

8.87E  00 

2.77E  01 

7.C2E  00 

10.00 

2.35E 

01 

7.94E  00 

2.17E  01 

6.  15E  00 

15.00 

1.75E 

01 

6.67E  00 

1.56E  01 

4.99E  00 

20.  00 

1.37E 

01 

5.66E  00 

1.17E  01 

4.09E  00 

25.00 

1.10E 

01 

4.84E  00 

9. 1 1 E 00 

3.38E  00 

30.00 

9.02E 

00 

4.17E  00 

7.23E  00 

2.  8 1 E 00 

35.00 

7.52E 

00 

3.62E  00 

5.82E  00 

2.35E  CO 

40.00 

6.35E 

00 

3.15E  00 

4.74E  00 

1. 98 E 00 

45.00 

5.41E 

00 

2.76E  00 

3.90E  00 

1.68E  CO 

50.00 

4.  64E 

00 

2.43E  00 

3.23E  00 

1.  42E  DO 

60.00 

3.48E 

00 

1.89E  00 

2.26E  00 

1.03E  CC 

70.  00 

2.  67E 

00 

1.49E  00 

1.61E  00 

7.62E-C1 

80 .00 

2.07E 

00 

1.19E  00 

1.17E  00 

5.  66E-C1 

90.00 

1.  63E 

00 

9.55E-01 

8.58E-01 

4.  23E-C  1 

100.00 

1.30E 

00 

7.72E-01 

6.36E-01 

3. 19E-C1 

TABLE  A2.45 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  = 1.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

BATE 

RATE 

RATE 

SATE 

R.T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R #T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  (G/CM2) 

HEM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

7.19E  01 

1.23E  01 

7.09E  01 

1. 0 IE  01 

3.00 

5.98E  01 

1.18E  01 

5.84E  01 

9.58E  00 

5.0C 

4.59E  01 

1.09E  01 

4.41E  01 

8.70E  00 

7.00 

3.75E  01 

1.01E  01 

3.55E  01 

7. 93E  00 

10. CO 

2.95E  01 

8.98E  00 

2.73E  01 

6. 93E  00 

15.00 

2.15E  01 

7.51E  00 

1.91E  01 

5.60E  00 

20.00 

1.66E  01 

6.35E  00 

1.42E  01 

4.58E  00 

25.00 

1.32E  01 

5.42E  00 

1.09E  01 

3.77E  00 

30.00 

1.08E  01 

4.66E  00 

8.60E  00 

3.  13E  00 

35.00 

8.91E  00 

4.03E  00 

6.89E  00 

2.62E  00 

40.00 

7. 48E  00 

3.51E  00 

5.58E  00 

2.20E  00 

45.00 

6.35E  00 

3.06E  00 

4.57E  00 

1.86E  CO 

50.00 

5.  43E  00 

2.69E  00 

3.78E  00 

1.  57E  00 

60.00 

4.05E  00 

2.09E  00 

2.63E  00 

1.  14E  00 

70.00 

3.09E  00 

1.65E  00 

1.87E  00 

8. 38E-01 

80.00 

2.39E  00 

1.31E  00 

1.35E  00 

6. 22E-01 

90.00 

1.87E  00 

1.05E  00 

9.86E-01 

4.  o'-ie-0  1 

ICO. 00 

1.49E  00 

8.47E-0 1 

7.29E-01 

3.49E-01 

TABLE  A2.46 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V*  A.  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 0.0  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 


RATE 


'.n  te 


RATE 


P.,T  = 0.0  G/CM2 


R,T  = 15.0  G/CM2  R.T  = 0.0  G/C12 


R,T  = 15.0  S/CM2 


SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

WITH 

ATTENUATION 


R,S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


FAD 


R 1.00  DAY 

3.79E 

01 

3.  13E 

01 

2.35E 

01 

1.88E 

01 

1.42E 

01 

9.81E 

00 

7.22E 

00 

5.  53E 

00 

4.36E 

00 

3.  52E 

00 

2.89E 

00 

2.40E 

00 

2.03E 

00 

1.  48E 

00 

1.  12E 

00 

8.67E-01 

6.86E-01 

5. 53E-0 1 

RAD 


R 1.00  DAY 

6.64E 

00 

6.29E 

00 

5.67E 

00 

5. 13E 

00 

4.46E 

00 

3.59E 

00 

2.94E 

00 

2.44E 

00 

2.05E 

00 

1.75E 

00 

1.50E 

00 

1.30E 

00 

1.  13E 

00 

8.74E- 

01 

6.91E- 

•01 

5.57E- 

01 

4.55E-01 

3.77E-01 

RAD 

PEE  1.00  DAI 
3. 7 IE  01 
3.C3E  01 
2.22E  01 
1.74E  01 
1.28E  01 
8.42E  00 
5.92E  00 
4.34E  00 
3.27E  00 
2.52E  00 
1.98E  00 
1.58E  00 
1.27E  00 
8.51E-01 
5.87E-01 
4. 15E-01 
3.00E-01 
2.20E-01 


RAD 

PER  1.00  DAY 
5.  4 1 E 00 
5.  08E  00 
4.50E  00 
4. 00E  00 
3.38E  00 
2.  6UE  00 
2.04E  00 
1. 625  00 
1.305  00 
1.  06 E 00 
8.715-01 
7. 20E-01 
6. 00E-01 
4. 24E-0 1 
3. 06E-01 
2. 24E-01 
1.66E-01 
1. 255-0  1 


TABLE  A2.47 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A,  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 0.0  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

H#T  = 15.0  G/CM2 

H.T  = 0.0  G/C32 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2 • 0 0 

5.  16E  01 

7. 64E  00 

5.05E  01 

6.  20E  00 

3.00 

4.  14E  01 

7.22E  00 

4.00E  01 

5. 8 IE  00 

5.00 

3.00E  01 

6.48E  00 

2.84E  01 

5. 1 3E  00 

7.  00 

2.34E  01 

5.85E  00 

2.17E  01 

4. 55S  00 

10.  00 

1.74E  01 

5.06E  00 

1.57E  01 

3,  832  00 

15.00 

1.  18E  01 

4.05E  00 

1.01E  01 

2. 93E  00 

20.00 

8.55E  00 

3.30E  00 

7.00E  00 

2.28E  00 

25.00 

6.48E  00 

2.73E  00 

5.07E  00 

1 . 9 1 E 00 

30.00 

5.07E  00 

2.29E  00 

3.80E  00 

1 . 45E  00 

35.00 

4.06E  00 

1.94E  00 

2.91E  00 

1.  17S  00 

40.00 

3.31E  00 

1.66E  00 

2.27E  00 

9. 6 1E-0 1 

45.00 

2.74E  00 

1.43E  00 

1.80E  00 

7. S3E-0 1 

50.00 

2.30E  00 

1.24E  00 

1.44E  00 

6. 592-01 

60.00 

1.67E  00 

9. 57E-01 

9.58E-01 

4. 63E-0 1 

70.00 

1.25E  00 

7.54E-01 

6. 57E-01 

3. 33E-01 

80.00 

9.662-01 

6.05E-01 

4. 62E-0  1 

2. 43E-0 1 

90.00 

7.61E-01 

4.93E-01 

3.32E-01 

1. 80E-01 

100.00 

6.  1 1E-0  1 

4.07E-01 

2.43E-01 

1.  35  2-01 

TABLE  A2.48 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V*  A*  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 0,0  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  D^SE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R #T  - 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R,T  = 0.0  G/3M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

3.  16E  01 

6.38E  00 

3.06E  01 

5.17E  00 

3.00 

2.55E  01 

5.94E  00 

2.43E  01 

4.76E  00 

5.00 

1.84E  01 

5.18E  00 

1.71E  01 

4.05E  00 

7.00 

1.43E  01 

4.56E  00 

1.29E  01 

3.48E  00 

10.00 

1.04E  01 

3.80E  00 

9.07E  00 

2.81E  00 

15.00 

6.84E  00 

2.89E  00 

5.60E  00 

2.02E  00 

20.00 

4.83E  00 

2.26E  00 

3.73E  00 

1.49P  00 

25.00 

3.57E  00 

1.81E  00 

2.61E  00 

1.  12E  00 

30.00 

2.74E  00 

1.47E  00 

1.88E  00 

8.60E-01 

35.00 

2.15E  00 

1.21E  00 

1.40E  00 

6.69E-01 

40.00 

1.72E  00 

1.01E  00 

1.06E  00 

5.27E-01 

45.00 

1.41E  00 

8.55E-01 

8.14E-01 

4. 19E-01 

50.00 

1.16E  00 

7.29E-01 

6.35E-01 

3.36E-01 

60.00 

8.25E-01 

5.44E-01 

3.9SE-01 

2.  2 1E-0  1 

70.00 

6.07E-01 

4. 17E-01 

2.59E-01 

1.48E-01 

80.00 

4.61E-01 

3.27E-01 

1.73E-01 

1.  02E-01 

90.00 

3.58E-01 

2.6  IE-01 

1.16E-01 

7.07E-02 

100.00 

2.  84E-01 

2.1  IE-01 

8.14E-02 

4.97E-02 
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TABLE  A2.49 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


ALTITUDE  OF 

V. 

A.  SPECTRUM  = 3. 

0000000 E 03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 0.0 

DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

B,T  = 15.0  G/CM2 

R,T  - 0.0  G/ZVL2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.0C  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

4.00E  01 

7.33E  00 

3.87E  01 

5.92E  00 

3.00 

3.  15E  01 

6.80E  00 

3.00E  01 

5.43E  00 

5.00 

2.22E  01 

5.91E  00 

2.05E  01 

4.61E  00 

7.00 

1.69E  01 

5.17E  00 

1.52E  01 

3. 94E  00 

10.00 

1.21E  01 

4.30E  00 

1.05E  01 

3. 16E  00 

15.00 

7.83E  00 

3.25E  00 

6.39E  00 

2.26E  00 

20.00 

5.47E  00 

2.52E  00 

4.21E  00 

1.66S  00 

25.00 

4.01E  00 

2.01E  00 

2.92E  00 

1.  24E  00 

30.00 

3.05E  00 

1.62E  00 

2.  10E  00 

9.49E-01 

35.00 

2.38E  00 

1.33E  00 

1.55E  00 

7.  3 6 E—  0 1 

40.00 

1.90E  00 

1. 1 IE  00 

1.16E  00 

5.77E-01 

45.00 

1.55E  00 

9.35E-01 

8.93E-01 

4. 58E-01 

50.00 

1.27E  00 

7.95E-01 

6.94E-01 

3.66E-01 

60.00 

8.98E-01 

5.90E-01 

4.34E-01 

2. 40E-01 

70.00 

6. 58E-01 

4.5  IE-01 

2. 8 1E-0 1 

1 • 6 IE-01 

80.00 

4.  97E-01 

3.52E-01 

1.87E-01 

1.  10E-01 

90.00 

3.85E-01 

2.80E-01 

1.27E-01 

7. 6 IE-02 

100.00 

3.05E-01 

2.26E-01 

8.74E-02 

5. 34E-02 
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TABLE  A2.50 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  HATEFIAL  COPPER 
ALTITUDE  OP  V.  A*  SPECTRUM  * 3.0000000E  03  NAUTICAL  MILES 

ANGLE  OF  V.  A.  SPECTRUM  * 0.0 

ABSORBED  DOSE 


DEGREES 
ABSORBED  DOSE 


SHIELD 

DEPTH 

R.S  (G/CH2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 
AO.  00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


BATE 


R.T 


WITHOUT 

ATTENUATION 

RAD 

PER  1.00  DAT 
4.21E  01 
3.51E  01 
2.68E  01 
2.16E  01 
1.67E  01 
1.16E  01 
8.81E  CO 
6.86E  00 
5.  48E  00 
4.47E  00 
3.71E  00 
3.11E  00 
2.65E  00 
1.96E  00 
1.50E  00 
1.17E  00 
9.38E-01 
7.61E-01 


RATE 


ABSORBED  DOSE 


RATE 


ABSORBED  DOSE 


RATE 


0.0  G/CM2  R.T  * 15.0  G/CM2  R.T  * 0.0  G/CM2  R#T  - 15.0  G/CK2 


WITHOUT 

ATTENUATION 

RAD 

PER  1.00  DAY 
6.75E  00 
6.44E  00 
5.88E  00 
5.39E  00 
4.76E  00 
3.92E  00 
3.28E  00 
2.77E  00 
2.37E  00 
2.04E  00 
1.78E  00 
1.55E  00 
1.37E  00 
1.08E  00 
8.65E-01 
7.06E-01 
5.83E-01 
4.88E-01 


WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
4.14E  01 
3.43E  01 
2.57E  01 
2.05E  01 
1.54E  01 
1.05E  01 
7.57E  00 
5.68E  00 
4.39E  00 
3.46E  00 
2.77E  00 
2.242  00 
1.84E  00 
1. 27E  00 
9.08E-01 
6.63E-01 
4.93E-01 
3.73E-01 


WITH 

ATTENUATION 

RAD 

PEB  1.00  DAY 
5.52E  00 
5.23E  00 
4.71E  00 
4.26E  00 
3.68E  00 
2. 932  00 
2. 37E  00 
1.93E  00 

1. £05  00 
1.332  00 
1. 12E  00 
9.42E-01 
8.  0 1E-0  1 
5.89E-01 
4.  4 1E-C 1 
3.35E-01 

2.  585-01 

2.012-01 


ro 

u> 


TABLE  A2.51 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  * 3.000C000E  03  NAUTICAL  MILES 


ANGLE  OF  V.  A.  SPECTRUM  » 0.0 

DOSE  EQUIVALENT 


DEGREES 

DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 


RATE 


R#T  * O.C  G/CM2  R#T  * 15,0  G/CM2 


R.T 


RATE 

0.0  G/CM2 


RATE 


R,T  * 15.0  G/CM2 


SHIELD 


WITHOUT 


WITHOUT 


WITH 


WITH 


DEPTH 


ATTENUATION  ATTENUATION 


ATTENUATION 


ATTENUATION 


R.S  (G/CM2) 

2.00 

3.00 
5.0C 

7.00 
10.00 
15.00 
20.00 

25.00 

30.00 

35.00 
*0.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


REM 

PER  1.0C  DAT 
6.C7E  01 
4.90E  01 
3. 59 E 01 
2.84E  01 
2.14E  01 
1.47E  01 
1.08E  01 
8.33E  00 
6.60E  00 
5.34E  00 
4.40E  00 
3.67E  00 
3. 10E  00 
2.28E  00 
1.73E  00 
1.35E  00 
1.07E  00 
8.53E-01 


REM 

PER  1.00  DAT 
7.76E  00 
7.39E  00 
6.73E  00 
6.16E  00 
5.42E  00 
4.40E  00 
3.69E  00 
3.1  IE  00 
2.65E  00 
2.28E  00 
1.97E  00 
1.72E  00 
1.51E  00 
1.19E  00 
9.47E-01 
7.70E-01 
6.35E-01 
5.30E-01 


REM 

PER  1.00  DAT 
5.99E  01 
4.79E  01 
3.45E  01 
2.68E  01 
1.97E  01 
1.31E  01 
9.30E  00 
6.90E  00 
5.28E  00 
4. 12E  00 
3.28E  00 
2.64E  00 
2.16E  00 
1.48E  00 
1.05E  00 
7.59E-01 
5.62E-01 
4. 23E-01 


REM 

PEP  1.00  DAT 
6. 33E  00 
5.99?  00 
5.  38E  00 
4.85E  00 
4.  18S  00 
3.31S  00 
2.66E  00 
2. 16E  00 
1.78F  00 
1.48E  00 
1.24E  00 
1.042  00 
8. 83E-01 
6.46E-01 
4. 32E-01 
3.652-01 
2.  80E-01 
2.  17E-01 


X> 


TABLE  A2.52 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATEBIAL  ALOHIKOH 
ALTITUDE  OP  ?.  A*  SPECTRUH  * 3.0000000E  03  NAUTICAL  BILES 
ANGLE  OF  ?.  A.  SPECTHUB  * 3.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


SHIELD 

DEPTH 


RATE 

RATE 

RATE 

RATE 

* 0.0  G/CH2 

B,T  * 15.0  G/CH2 

R.T  * 0.0  G/CS2 

R#T  = 15.0  G/CB2 

WITHOUT 

WITHOUT 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R# S (G/CH2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

PEI  1.00  DAT 
1.74E  01 
1.41E  01 
1.02E  01 
7.91E  00 
5.80E  00 
3.83E  00 
2.72E  00 
2.02E  00 
1.54E  00 
1.21E  00 
9.68E-01 
7.86E-01 
6.47E-01 
4. 54E-01 
3.30E-01 
2.47E-01 
1.89E-01 
1.48E-01 


RAD 

PER  1.00  DAT 
2.48E  00 
2.33E  00 
2.07E  00 
1.85E  00 
1.58E  00 
1.24E  00 
9.87E-01 
8.00E-01 
6.58E-01 
5.47E-01 
4.60E-01 
3.90E-01 
3.33E-01 
2.49E-01 
1.9 1E-0 1 
1.49E-01 
1.19E-01 
9.63E-02 


RAD 

PER  1.00  DAT 
1.70E  01 
1.36E  01 
9.62E  00 
7.33E  00 
5.22E  00 
3.29E  00 
2.23E  00 
1.58E  00 
1.16E  00 
8.68E-01 
6. 64E-0 1 
5.16E-01 
4.06E-0 1 
2.61E-01 
1.73E-01 
1.18E-01 
8.26E-02 
5.89E-02 


RAD 

PER  1.00  DAT 
2.02E  00 
1.S8E  00 
1.64E  00 
1.44E  CO 
1.20E  00 
8.  97E-01 
6.85E-01 
5.31E-01 
4. 18E-01 
3. 32E-01 
2.67E-01 
2. 17E-01 
• 1.77E-01 
1. 21S-01 
8.43E-02 
6.015-02 
4.35E-02 
3.  19E-02 


TABLE  A2.53 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALOHINUH 
ALTITUDE  OP  ?.  A.  SPECTRUM  * 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R »T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.  S (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

2.42E  01 

3.00 

1.89E  01 

5.00 

1.32E  01 

7.00 

1.00E  01 

10.00 

7.21E  00 

15.00 

4.66E  00 

20.00 

3.25E  00 

25.00 

2.39E  00 

30.00 

1.81E  00 

35.00 

1.41E  00 

40.00 

1.12E  00 

45.00 

9.07E-01 

50.00 

7.43E-01 

60.00 

5.  17E-01 

70.00 

3.73E-01 

80.00 

2.77E-01 

90.00 

2. 1 1E-0 1 

100.00 

1.65E-01 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R.T  = 0.0  G/C3 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

2.88E  00 

2.37E  01 

2.70E  00 

1.83E  01 

2.40E  00 

1.25E  01 

2.13E  00 

9.29E  00 

1.81E  00 

6.48E  00 

1.41E  00 

3.99E  00 

1.12E  00 

2.66E  00 

9.02E-01 

1.87E  00 

7.39E-01 

1.36E  CO 

6.12E-01 

1.01E  00 

5.13E-01 

7.68E-01 

4.34E-01 

5.94E-01 

3.70E-01 

4.65E-01 

2.75E-01 

2.96E-01 

2.09E-01 

1.95E-01 

1.63E-01 

1.33E-01 

1.29E-01 

9.22E-02 

1.04E-01 

6.55E-02 

DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  3/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2. 33E  00 

2.  17E  00 
1.89E  00 
1.66E  00 
1.37E  00 
1.02E  00 
7. 74E-01 
5.  97E-01 
4. 68E-01 

3.  71E-01 
2.97E-01 
2. 40E-01 
1.96E-01 
1.  33E-01 
9.24E-02 
6. 56E-02 
4.73E-02 
3.  47E-02 


TABLE  A2.54 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V,  A.  SPECTRUM  = 3.00000C0E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


SHIELD 

DEPTH 


RATE 

RATE 

RATE 

RATE 

* 0.0  G/CH2 

R»T  = 15.0  G/CM2 

R.T  = 0.0  G/2S2 

R,T  = 15.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM21 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

PER  1.00  DAY 
1.42E  01 

1.  12E  01 
7.77E  00 
5.  84E  00 
4. 1 IE  00 

2.  56 E 00 
1.73E  00 
1. 23E  00 
9.1 1E-0 1 
6. 93E-01 
5.39E-01 
4.28E-01 
3.45E-01 
2.33E-01 
1.65E-01 
1.21E-01 
9. 10E-02 
7. 03 E- 02 


RAD 

PER  1.00  DAY 
2.37 F 00 
2. 19E  00 
1.87E  00 
1.62E  00 
1.32E  00 
9. 7 IE- 01 
7.34E-01 
5.69E-01 
4.50E-01 
3. 6 IE-01 
2.94E-01 
2.43E-01 
2.03E-01 
1.45E-01 
1.08E-01 
8.2  IE-02 
6.40E-02 
5.07E-C2 


RAD 

PER  1.00  DAY 
1.37E  01 
1.06E  01 
7.19E  00 
5.26E  00 
3.57E  00 
2.09E  00 
1.34E  00 
8.98E-01 
6.27E-01 
4.50E-01 
3. 3 1E-0  1 
2.48E-01 
1.88E-01 
1.13E-01 
7.05E-02 
4.53E-02 
3.00E-02 
2.02E-02 


RAD 

PER  1.00  DAY 
1.92E  00 
1.75E  00 
1.46E  00 

1.  24E  00 
9.75E-01 
6. 76E-01 
4. 83E-01 

3.  53E-01 
2. 64E-01 

2.  00E-01 
1. 53E-01 
1.  19E-0 1 
9.  35 E- 02 
5. 9 IE-02 
3. 85E-02 
2. 56E-02 
1. 74E-02 
1. 20E-02 
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TABLE  A2.55 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OP  V*  A*  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OP  V,  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R #T  = 0.0  G/CH2 

R,T  = 15.0  G/CM2 

R.r  = o.o  g/:»2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REN 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.83E  01 

2.75E  00 

1.77E  01 

2.22E  00 

3.00 

1.40E  01 

2.53E  00 

1.33E  01 

2.02E  00 

5.00 

9.45E  00 

2. 16E  00 

8.73E  00 

1.68E  00 

7.00 

6.98E  00 

1.86E  00 

6.28E  00 

1.  4 1 E DO 

10.00 

4.83E  00 

1.51E  00 

4.19E  00 

1.  11E  00 

15.00 

2.96E  00 

1.10E  00 

2.41E  00 

7.63E-01 

20.00 

1.98E  00 

8.26E-01 

1.52E  00 

5. 42E-01 

25.00 

1.40E  00 

6.37E-01 

1.01E  00 

3. 94E-01 

30.00 

1.03E  00 

5. 0 1E-0 1 

7.03E-01 

2.93E-01 

35.00 

7.76F-01 

4. 0 IE-01 

5.02E-01 

2.  2 1E-0  1 

40.00 

6.01E-01 

3.25E-01 

3.67E-0  1 

1.69E-01 

45.00 

4. 74E-01 

2.67E-0 1 

2.74E-01 

1. 31E-01 

50.00 

3.81E-01 

2.22E-01 

2.07E-01 

1.03E-01 

60.00 

2. 56E-01 

1.59E-01 

1.24E-01 

6. 45E-02 

70.00 

1.80E-01 

1. 17E-01 

7.68E-02 

4. 18E-02 

80.00 

1. 3 1E-0 1 

8.89E-02 

4.92E-02 

2. 78E-02 

90.00 

9.83E-02 

6.90E-02 

3.24E-02 

1.88E-02 

100.00 

7.  57E-02 

5.a5E-02 

2. 18E-02 

1.29E-02 

TABLE  A2.56 


PHOTONS  US  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  - 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.000C000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  * C.O  G/CM2 

R,T  = 15.0  G/CM2 

R.T  = 0.0  G/CM2 

R,T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PEE  1.00  DAY 

PER  1.00  DAY 

PEP.  1.00  DAY 

2.00 

1.96E  01 

2.52E  00 

1.93E  01 

2. 065  DO 

3.00 

1.60E  01 

2.39E  00 

1.56E  01 

1. 94E  00 

5.00 

1.18E  01 

2.16E  00 

1. 13E  01 

1.73E  00 

7.00 

9.27E  00 

1.96E  00 

8.76E  00 

1.55E  00 

10.00 

6.93E  00 

1.70E  00 

6.40E  00 

1. 32E  00 

15.00 

4.69E  00 

1.37E  00 

4. 1 7fe  00 

1.02S  00 

20.00 

3.39E  00 

1. 12E  00 

2.91E  00 

8.06E-01 

25.00 

2.56E  00 

9.25E-01 

2.12E  00 

6. 44E-01 

30.00 

1.99E  00 

7.74E-01 

1.59E  00 

5.  2 1E-0  1 

35.00 

1.58E  00 

6.55E-01 

1.22E  00 

4.25E-01 

40.00 

1.28E  00 

5.58E-01 

9.56E-01 

3. 50E-01 

45.00 

1.05E  00 

4.79E-01 

7.58E-01 

2. 90E-01 

50.00 

8.75E-01 

4. 15E-01 

6.09E-01 

2. 43E-01 

60.00 

6.24E-01 

3.16E-01 

4.05E-01 

1. 73E-01 

70.00 

4.60E-01 

2.46E-01 

2.78E-01 

1. 25E-01 

80.00 

3.48E-01 

1.95E-01 

1.96E-01 

9. 26E-02 

90. CO 

2.69E-01 

1.57E-01 

1.42E-01 

6.  95S-02 

100.00 

2. 13E-01 

1.29E-01 

1.04E-01 

5.29S-02 

TABLE  A2.57 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTSUR  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 3.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R #T  - 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REH 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.89E  01 

2.93E  00 

2.85E  01 

2.39E  00 

3.00 

2.27E  01 

2.77E  00 

2.22E  01 

2.25E  00 

5.00 

1.61E  01 

2.50E  00 

1.54E  01 

1.99E  00 

7.00 

1.24E  01 

2.26E  00 

1.17E  01 

: . 78E  00 

10.00 

9.01E  00 

1.96E  00 

8.32E  00 

1.  5 1 E 00 

15.00 

5.94E  00 

1.56E  00 

5.29E  00 

1.  16E  00 

20.00 

4.23E  00 

1.27E  00 

3.63E  00 

9. 14E-01 

25.00 

3.15E  00 

1.05E  00 

2.61E  00 

7. 27E-01 

30.00 

2.43E  00 

8.73E-01 

1.94E  00 

5.  86E-01 

35.00 

1.92E  00 

7.35E-0 1 

1.48E  00 

4. 76 E- 01 

40.00 

1.54E  00 

6. 25E-01 

1.15E  00 

3. 912-01 

45.00 

1.26E  00 

5.35E-01 

9.04E-01 

3. 242-01 

50.00 

1.04E  00 

4.62E-01 

7.22E-01 

2. 70E-01 

60. CO 

7.34E-01 

3.50E-01 

4.76E-01 

1.91E-01 

70.00 

5.37E-0  1 

2.72E-01 

3.24E-01 

1. 38E-01 

80.00 

4.03E-01 

2.15E-01 

2.27E-01 

1. 01E-01 

90.00 

3.  10E-01 

1.72E-01 

1 • 63E-0 1 

7. 59E-02 

100.00 

2.43E-01 

1.40E-01 

1. 19E-01 

5. 76E-02 

TABLE  A2.58 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A*  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  = 6.0000000E  01  DEGREES 


ABSORBED  DOSE 
RATE 


R#T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

fi.S  <G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

9. 10E  00 

3.00 

7.34E  00 

5.00 

5.31E  00 

7.00 

4.  13E  00 

10.00 

3.03E  00 

15.00 

2.00E  00 

20.00 

1.42E  00 

25.00 

1.05E  00 

30.00 

8.07E-01 

35.00 

6.33E-01 

40.00 

5.06E-01 

45.00 

4. 1 1E-0 1 

50.00 

3.38E-01 

60.00 

2.37E-01 

70.00 

1.73E-01 

80.00 

1.29E-01 

90.00 

9.95E-02 

100.00 

7.83E-02 

ABSORBED  DOSE 

ABSORBED  DOS 

RATE 

RATE 

T - 15.0  G/CM2 

R,r  = 0.0  G/Z 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DA! 

1.30E  00 

8.90E  00 

1.22E  00 

7.09E  00 

1.09E  00 

5.03E  00 

9.71E-01 

3.83E  00 

8.28E-01 

2.73E  00 

6.47E-01 

1.72E  00 

5. 16E-01 

1.17E  00 

4. 18E-01 

8.26E-01 

3. 44E-0 1 

6.05E-01 

2.86E-01 

4.54E-01 

2.4 1E-0 1 

3.47E-01 

2.04E-01 

2.70E-01 

1.75E-01 

2. 12E-01 

1.31E-01 

1.36E-01 

1.00E-01 

9.05E-02 

7.89E-02 

6.20E-02 

6.32E-02 

4. 34E-02 

5.15E-02 

3.1  IE-02 

ABSORBED  DOSE 
RATE 

R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
1. 05E  00 
9. 83E-0 1 
8.  592-01 
7. 55E-01 
6. 27E-01 
4.  69E-D1 
3. 58E-01 
2. 78E-01 
2. 18E-01 
1. 74E-01 
1. 40E-01 
1. 13E-01 
9.27E-02 
6. 33E-02 
4. 43E-02 
3. 173-02 
2. 3 IE-02 
1. 7 1 E-02 


TABLE  A2.59 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  * 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

S,T  = 0.0  G/212 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.26E  01 

1.50E  00 

1.24E  01 

1.22E  00 

3.00 

9.  87E  00 

1.41E  00 

9.55E  00 

1.  14E  00 

5.00 

6.89E  00 

1.25E  00 

6.52E  00 

9. 90E-01 

7.00 

5.24E  00 

1.12E  00 

4.85E  00 

8. 67E-01 

10.00 

3.77E  00 

9.49E-01 

3.39E  00 

7. 17E-01 

15.00 

2.44E  00 

7.37E-01 

2.09E  00 

5.  33E-01 

20.00 

1.70E  00 

5.85E-0 1 

1.39E  00 

4. 04E-01 

25.00 

1.25E  00 

4.72E-01 

9.77E-01 

3. 12E-01 

30.00 

9.49E-01 

3.86E-01 

7.09E-01 

2.45E-01 

35.00 

7.39E-01 

3.20E-01 

5.28E-01 

1.  94E-01 

40.00 

5.87E-01 

2.68E-01 

4.0  1E-0  1 

1.55E-01 

45.00 

4. 74E-01 

2.27E-01 

3.10E-01 

1. 26E-01 

50.00 

3.88E-01 

1.93E-01 

2.43E-01 

1. 02E-01 

60.00 

2.70E-01 

1.44E-01 

1.55E-01 

6.97E-02 

70.00 

1.95E-01 

1.10E-01 

1.02E-01 

4.85E-02 

80.00 

1.45E-01 

8.6  IE-02 

6.95E-02 

3. 46E-02 

90.00 

1.11E-01 

6.87E-02 

4.84E-02 

2. 51E-02 

100.00 

8.70E-02 

5.58E-02 

3.45E-02 

1. 85E-02 
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TABLE  A2.60 


PHOTONS  AS  INCIDENT  PA3TICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 6.0000000E  01  DEGREES 


ABSORBED  DOSE 
RATE 


R,T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

7.43E  00 

3.00 

5.84E  00 

5.00 

4.06E  00 

7.00 

3.05E  00 

10.00 

2.15E  00 

15.00 

1.34E  00 

20.00 

9.06E-01 

25.00 

6. 45E-01 

30.00 

4.76E-01 

35.00 

3.62E-01 

40.00 

2.82E-01 

45.00 

2.24E-01 

50.00 

1.80E-01 

60.00 

1.22E-01 

70.00 

8.69E-02 

80.00 

6.41E-02 

90.00 

4.88E-02 

100.00 

3.  8 IE-02 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

T = 15.0  G/CM2 

R,T  = o.o  g/:m 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

1.24E  00 

7.18E  00 

1.14E  00 

5.56E  00 

9.8 1E-0 1 

3.76E  00 

8.48E-01 

2.75E  00 

6.92E-0 1 

1.87E  00 

5.08E-01 

1.10E  00 

3.84E-01 

6.99E-01 

2.97E-01 

4.70E-01 

2.35E-01 

3.28E-01 

1.89E-01 

2.35E-01 

1.54E-01 

1.73E-01 

1.27E-01 

1.29E-01 

1.07E-01 

9.84E-02 

7.69E-02 

5.92E-02 

5.75E-02 

3.71E-02 

4.42E-02 

2.40E-02 

3.48E-02 

1.60E-02 

2.79E-02 

1.09E-02 

ABSORBED  DOSE 
RATE 

R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
1.00E  00 
9. 14E-01 
7.66E-01 
5.  47E-01 
5.10E-01 
3. 53E-0 1 
2.52E-01 
1.  95E-01 
1.38E-01 
1.04E-01 
8.02E-02 
6.24E-02 
4. 9 IE- 02 
3. 12E-02 
2.05E-02 
1. 37E-02 
9.42E-03 
6.57E-03 
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TABLE  A2.61 


PHOTONS  AS  INCIDENT  PASTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OP  V.  A.  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 6.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R #T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

9. 55E  00 

3.00 

7. 3 IE  00 

5.00 

4.94E  00 

7.00 

3.65E  00 

10.00 

2.53E  00 

15.00 

1.55E  00 

20.00 

1.04E  00 

25.00 

7. 3 1E-0 1 

30.00 

5.36E-01 

35.00 

4.05E-0  1 

40.00 

3. 14E-01 

45.00 

2.48E-01 

50.00 

1.99E-01 

60.00 

1.34E-01 

70.00 

9.46E-02 

80.00 

6.94E-02 

90.00 

5. 26E-02 

100.00 

4.09E-0? 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R,T  = 0.0  G/CM 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

1.44E  00 

9.23E  00 

1.32E  00 

6.96E  00 

1.  13E  00 

4.56E  00 

9.72E-01 

3.29E  00 

7.89E-01 

2.19E  00 

5.75E-01 

1.26E  00 

4.32E-01 

7.96E-01 

3.33E-01 

5.30E-01 

2.62E-01 

3.68E-01 

2.09E-01 

2.63E-01 

1. 70E-01 

1.92E-01 

1.U0E-01 

1.43E-01 

1.17S-01 

1.06E-01 

8.38E-02 

6.48E-02 

6.23E-02 

4.04E-02 

4.77E-02 

2.61E-02 

3. 74E-02 

1.73E-02 

2.99E-02 

1. 17E-02 

DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1.16E  00 
1. 05E  00 
8. 80E-01 
7.  40E-0  1 
5.80E-01 
3.  99E-01 
2.  93E-0'i 
2. 06E-0 1 
1.53E-01 
1. 1 52-0 1 
8. 85E-02 
6. 86S-02 
5. 38E-Q2 
3. 40E-02 
2.22E-02 
1.  49E-02 
1.02E-02 
7. 07E-03 
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TABLE  A2.62 


PROTOIS  AS  INCIDENT  PASTICIES  SHIELD  HATSRIAL  COPPER 
ALTITUDE  OP  7.  A.  SPBCTBOH  « 3.0000000E  03  NAUTICAL  RILES 
ANGLE  OP  V.  A.  SPECTRUM  = 6.0000000E  01  DEGREES 


ABSOBBED  DOSE 

ABSOBBED  DOSE 

ABSOBBED  DOSE 

ABSORBED  DOSE 

BATE 

BATE 

BATE 

RATE 

B,T  • C.O  G/CH2 

B#T  ■ 15.0  G/CH2 

B,T  » 0.0  G/C82 

B,T  * 15.0  G/CH 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTEWUATIOM 

ATTEBOATIOM 

ATTEMUATIOf 

ATTEBOAriOW 

R,S  (G/C82) 

BAD 

BAD 

BAD 

BAD 

FEB  1,00  DAT 

FEB  1.00  DAT 

FEB  1.00  DAT 

FEB  1.00  DAT 

2.00 

1 * 02E  01 

1.32E  00 

1.01E  01 

1.08E  00 

3.00 

8. 33 E 00 

1.255  00 

8. 14E  00 

1.02E  00 

S.00 

6.  14E  00 

1.13E  00 

5.90E  00 

9.0AE-01 

7.00 

A.8AE  00 

1.02E  00 

A.58E  00 

8.09E-01 

10.00 

3.62E  00 

•♦9  IE-01 

3.3AE  00 

6.885-01 

15.00 

2* ASS  00 

7.165-01 

2.  185  00 

5.  345-01 

20.00 

1.77E  00 

5.85E-01 

1.52E  00 

A.  2 1E-0 1 

23.00 

1.3AE  00 

A.8AE-01 

1.11E  00 

3.37E-01 

30.00 

1.04E  00 

A. 055-01 

8.3AE-01 

2.728-01 

35.00 

8.29E-01 

3.A2E-01 

6.A0E-01 

2.228-01 

«0.00 

6.70E-01 

2.92E-01 

5.00E-01 

1.83E-01 

*3.00 

5.51E-01 

2. 5 IE-01 

3.97E-01 

1.52E-01 

50.00 

A. 58E-01 

2.17E-01 

3.18E-01 

1.278-01 

60.00 

3.26E-01 

1.66E-01 

2. 12E-01 

9.03E-02 

70.00 

2.  A IE-01 

1.29E-01 

1.A5E-01 

6. 578-02 

00.00 

1.A2E-01 

1.03E-01 

1.03E-0 1 

A. 878-02 

90.00 

1#  A IE-01 

8.315-02 

7. A2E-02 

3.678-02 

100.00 

1.12E-01 

6.835-02 

5.A7E-02 

2.808-02 

TA IU  A2.63 


PEOTOWS  AS  I EC  IDEE?  PARTICLES  SHIELD  It  ATE31AL  COPPER 
ALTITUDE  OP  P.  A.  SPECTPUH  • 3.00000002  03  NAUTICAL  BILES 
ABGLE  OP  V.  A,  SPECTPUH  » 6.000C0002  01  DEGREES 


DOSE  EQUIVALENT 

PATE 


P #T  * 0.0  G/CB2 


SHIELD 

PI THOU? 

DEPTH 

ATTENUATION 

R.S  <g/ch2) 

• EH 

PEN  1.00  DAY 

2.00 

1.512  01 

3.00 

1.19E  01 

S.00 

8.39P  00 

7.00 

6. ASP  00 

10.00 

4.712  00 

IS. 00 

3.  1 1P  00 

20.00 

2.21E  00 

25.00 

1.65E  00 

30.00 

1.272  00 

35.00 

1.00E  00 

40.00 

8.05E-01 

45.00 

6.57E-01 

50.00 

5.  43E-01 

60.00 

3.84E-01 

70.00 

2.80E-01 

80.00 

2.11E-01 

90.00 

1.62E-01 

100.00 

1.28E-01 

DOSE  SQUIPALENT 

DOSE  EQUIPALENT 

PATE 

PATE 

R.T  * 15.0  G/CH2 

P #?  ■ 0.0  0/1112 

WITHOUT 

PITH 

ATTENUATION 

ATTENUATION 

PEN 

EEB 

PEP  1.00  DAY 

PSP  1.00  DAY 

1.53E  00 

1.49E  01 

1.45E  00 

1.16E  01 

1.312  00 

8.062  00 

1.18E  00 

6.10E  00 

1.02P  00 

4.352  00 

9. 18E-0 1 

2.772  00 

6.65E-01 

1.90E  00 

5.48E-01 

1.37E  00 

4.562-01 

1.022  00 

3.842-01 

7.73E-01 

3.27E-01 

6.002-01 

2.802-0 1 

4. 732-01 

2.4  12-01 

3.78E-01 

1.83E-01 

2. 492-01 

1.42E-01 

1. 692-01 

1. 13E-01 

1.192-01 

9.002-02 

8.532-02 

7.442-02 

6.252-02 

DOSE  EQUIP ALSMT 
BATE 

*.?  « 15.0  G/CB2 
WITH 

ATTENUATION 

PEP  ?S,  DAY 
1.25*  00 
1. 17E  00 
1.042  00 
9.  302-01 
7.  392-31 
6.09E-01 
A. 78E-01 
3. 80E-01 

3.  062*01 
2.49E-01 
2. 04E-01 
1.692-01 
1.412-01 
9. 982-C2 
7.232-02 
5. JjE-02 

4.  002-02 
3.05E-02 
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TABLE  A2.6A 


PROTONS  AS  INCIDENT  PANTICLES  SHIELD  HATERIAL  1LUHI NUH 
ALTITUDE  OP  V.  A.  SPECTRUH  « 3.0000000E  03  NAUTICAL  HILES 
ANGLE  OF  V.  A.  SPECTRUH  * 9.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  AB50PBED  DOSE 


SHIELD 

DEPTH 


RATE 

RATE 

RATE 

RATE 

* 0.0  G/CH2 

B.T  * 15.0  G/CH2 

R #T  * 0.0  G/:»2 

R#r  * 15.0  G/CH2 

WITHOUT 

WITHOUT 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  IG/CH21 

2.00 

3.00 
5.  OC 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

PER  1.00  DAY 
7.77E  00 
6.27E  CO 
4.54E  00 
3.53E  00 
2.60E  00 
1.72E  00 
1.22E  00 
9.06E-01 
6.95E-01 
5.46E-01 
4. 37E-01 
3.56E-01 
2. 94E-0 1 
2.07E-01 
1.  51E-01 
1. 14E-01 
8.  86E-02 
7. 03E-02 


RAD 

PER  1.00  DAY 
1.  1 1E  00 
1.05E  00 
9.32E-01 
8.34E-01 
7. 12E-01 
5.58E-01 
4.46E-01 
3.62E-0 1 
2. 98E-01 
2.49E-01 
2. 10E-01 
1.78E-01 
1.53E-01 
1.  15E-01 
8.94E-02 
7.08E-02 
5.72E-02 
4. 70E-02 


RAD 

PER  1.00  DAY 
7.60E  00 
6.06B  00 
4.30E  00 
3.27E  00 
2.34E  00 
1.47E  00 
9.99E-01 
7.  10E-01 
5.20E-01 
3.9  1E-0 1 
3. OOE-0 1 
2.33E-0'. 
1.84E-01 
1.19E-01 
7. 94E-02 
5. 47E-02 
3.86E-02 
2.79E-02 


RAO 

PER  1. DO  DAY 
9. 05E-01 
8. 44E-01 
7.  39E-01 
6. 49E-01 
5. 39E-01 
4.  04E-01 
3.  09E-0  1 
2.  40E-01 
1.  39E-01 

1.  512-01 
1. 22E-01 
9.  91E-02 
8. 13E-02 
5. 59E-02 
3. 94E-02 

2.  34  E- 02 
2.  092-02 
1. 55E-02 


TABLE  A2.65 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A*  SPECTPUN  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A,  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 


RATE 

F. #T  s 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

1.08E  01 

3.00 

8.42E  00 

5.0C 

5.89E  00 

7.00 

4.48E  00 

10.00 

3.22E  00 

15.0C 

2.09E  00 

20.00 

1.46E  00 

25.00 

1.07E  00 

30.00 

8. 15E-01 

35.00 

6.36E-01 

40.00 

5.06E-01 

45.00 

4.  10E-01 

50.00 

3.37E-01 

60.00 

2.35E-01 

70.00 

1.7  1E-0  1 

80.00 

1.28E-01 

90.00 

9.87E-02 

100.00 

7.78E-02 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

BATE 

T * 15.0  G/CM2 

R,T  = 0.0  G/CM 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAI 

PER  1.00  DAY 

1.29E  00 

1.06E  01 

1.21E  00 

9.15E  00 

1.08E  00 

5.57E  00 

9.59E-01 

4.15E  00 

8.  15Z-01 

2.90E  00 

6.35E-01 

1.79E  00 

5. 042-01 

1.19E  00 

4.08E-01 

8.39E-01 

3.  35E-01 

6.  10E-01 

2. 78E-0 1 

4.55E-01 

2.33E-01 

3.46E-01 

1.98E-01 

2.68E-01 

1.69E-01 

2. 1 1E-01 

1.27E-01 

1.35E-01 

9.77E-02 

8. 94E-02 

7. 7 IE-02 

6. 12E-02 

6.20E-02 

4. 302-02 

5.03E-02 

3.09E-02 

DOSE  EQUIVALENT 
RATE 

R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1.  052  00 
9.  75E-01 
3. 50E-01 
7. 44E-0  1 
6.  16E-01 
4.59E-01 
3. 49E-01 
2.70E-01 
2. 12E-01 
1. 68E-01 
1. 35E-01 
1. 10E-01 
8. 97E-02 
6. 14E-02 
4.  31E-02 
3.09E-02 
2. 26E-02 
1. 682-02 
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TABl.K  A2.66 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A*  SPECTRUH  * 3.0000000E  03  NAUTICAL  HILES 
ANGLE  OF  V.  A.  SPECTRUH  * 9.C0000C0E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

PATE 

R.T  * 0.0  G/CH2 

a,T  * 15.0  G/CH2 

R#T  * 0.0  G/I32 

fc#T  « 15.0  G/CH 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S IG/C92) 

RAD 

RAD 

FAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2*  00 

6. 34E  00 

1.06E  00 

6.13E  00 

8. 6 IE-01 

3.00 

4.99E  OC 

9.82E-01 

4.75E  00 

7.85E-01 

5.00 

3.47E  00 

8.42E-01 

3.21E  00 

6.58E-01 

7.00 

2.61E  00 

7.29E-01 

2.36E  00 

5.  56E-01 

10.00 

1.84E  00 

5.96E-01 

1.60E  00 

4. 392-01 

15.00 

1.15E  00 

4.38E-01 

9.40E-01 

3. 052-0 1 

20.00 

7.78E-01 

3.32E-01 

6.01E-01 

2.  182-01 

25.00 

5.56E-01 

2.58E-01 

4.05E-01 

1.  602-01 

30.00 

4.12E-01 

2.05E-01 

2.83E-01 

1.20E-01 

35.00 

3. 14E-01 

1.65E-01 

2.04E-01 

9. 132-02 

40.00 

2. 45E-01 

1.36E-01 

1.50E-01 

7.05E-02 

45.00 

1.95E-01 

1. 13E-01 

1.13E-01 

5.  512-02 

50.00 

1.58E-01 

9.47E-02 

8. 62E-02 

4.36E-02 

60.00 

1.08E-01 

6. 9 IE-02 

5.23E-02 

2.  «0E-02 

70.00 

7.772-02 

5.22E-02 

3. 3 IE-02 

1.85E-02 

80.00 

5.80E-02 

4.06E-02 

2.17E-02 

1.  26E-02 

90.00 

4. 46E-02 

3. 23  E- 02 

1.46E-02 

8.72E-03 

100.00 

3.  52E-02 

2.62E-02 

1.00E-02 

6. 15E-03 

TABLE  A2.67 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLIETHILENE 
ALTITUDE  OP  V.  A.  SPECTRUM  * 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OP  V.  A.  SPECTRUM  * 9.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 


R*T  * 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CH2) 

PER  ifoO  DAI 

2.00 

8. 15E  00 

3.00 

6.25E  00 

S.00 

4.22E  00 

7.00 

3* 12E  00 

10.00 

2.16E  00 

15.00 

1*  33E  00 

20.00 

8.89E-01 

25.00 

6.29E-01 

30.00 

4.63E-01 

35.00 

3.  5 1E-0 1 

40.00 

2.73E-01 

45.00 

2. 16E-01 

50.00 

1.74E-01 

60.00 

1.  18E-01 

70.00 

8. 44E-02 

80.00 

6.26E-02 

90.00 

4.00E-02 

100.00 

3.77E-02 

RATE 

RATE 

T * 15.0  G/CM2 

R#T  * o.o  g/:s 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAI 

PER  1.00  DAI 

1.23E  00 

7. 88E  00 

1.13E  00 

5.94E  00 

9.69E-0 1 

3.90E  00 

8.36E-01 

2.81E  00 

6.79E-01 

1.88E  00 

4.96E-01 

1.08E  00 

3. 74E-0 1 

6.84E-01 

2.89E-01 

4.57E-01 

2.28E-01 

3.  17E-01 

1.83E-01 

2.27E-01 

1.49E-01 

1.67E-01 

1.24E-01 

1.25E-01 

1.04E-01 

9.48E-02 

7.  5 IE- 02 

5.72E-02 

5.65E-02 

3.60E-02 

4.37E-02 

2.35E-02 

3.47E-02 

1.57E-02 

2.80E-02 

1. 08E-02 

DOSE  EQUIVALENT 
RATE 

B#T  * 15.0  G/CH2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAI 
9. 95E-01 
9.  05E-01 
7,  55E-01 
6. 362-01 
4. 99E-01 
3. 442-01 
2.45E-01 
1. 79E-01 
1. 33E-01 
1. 01E-01 
7. 76E-02 
6. 05E-02 
4. 76E-02 
3. 04E-02 
2. 0 IE-02 
1. 36E-02 
9.38E-03 
6. 60E-03 


TABLE  A2.68 


PHOTONS  AS  INC ZD ENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  * 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 9.00C0000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

SATE 

R.T  * 0.0  G/CH2 

R,T  « 15.0  G/CH2 

R#T  * 0.0  G/CM2 

R,T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R«  S IG/CR2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

8.72E  00 

1.13E  00 

8.59E  00 

9. 24E-01 

3.00 

7.12E  00 

1.07E  00 

6.95E  00 

8.71E-01 

5.00 

5.25E  00 

9.70E-01 

5.04E  00 

7.76E-01 

7.00 

4.14E  00 

8.80E-0 1 

3.91E  00 

6.95E-01 

10.00 

3. 10E  00 

7.66E-01 

2.86E  00 

5. 922-01 

15.00 

2.10E  00 

6. 16E-01 

1.87E  00 

4.60E-01 

20.00 

1.52E  00 

5. 04E-01 

1.31E  00 

3.  63E-01 

25.00 

1.15E  00 

4.18E-01 

9.53E-01 

2. 9 1E-0 1 

30.00 

8.95E-01 

3.50E-01 

7.16E-01 

2.36E-01 

35.00 

7.13E-01 

2.97E-01 

5.51E-01 

1.93E-01 

40.00 

5.78E-01 

2.54E-01 

4.31E-01 

1.59E-01 

45.00 

4.75E-01 

2.18E-01 

3.42E-01 

1.32E-01 

50.00 

3.96E-01 

1.90E-01 

2.75E-01 

1.  11E-01 

60.00 

2.83E-01 

1.45E-01 

1.84E-01 

7.93E-02 

70.00 

2.  10E-01 

1.14E-01 

1.27E-01 

5.  B0E-02 

80.00 

1.60E-01 

9.14E-02 

9.00E-02 

4.33E-02 

90.00 

1.25E-01 

7.44E-02 

6.54E-02 

3.28E-02 

100.C0 

9.91E-02 

6.16E-02 

4.85E-02 

2.53E-02 
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TABLE  A2.69 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OP  V.  A.  SPECTRUM  = 3.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.C000C00E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


EATE 

RATE 

RATE 

RATE 

R#T  = O.C  G/CM2 

R,T  = 15.0  G/CM2 

R.T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1 . 00  DAY 

2.00 

1.29E  01 

1.31E  00 

1.27E  01 

1. 07E  00 

3.00 

1.C1E  01 

1.25E  00 

9.91E  00 

1. 0 1 E 00 

5.00 

7.  17E  00 

1. 12E  00 

6.89E  00 

8. 95E-01 

7.00 

5.51E  00 

1.01E  00 

5.21E  00 

7. 99E-01 

10.00 

4.02E  00 

8.79E-01 

3.72E  00 

6. 73E-0  1 

15.00 

2.66E  00 

7.04E-01 

2.37E  00 

5.24E-01 

20.00 

1.89E  00 

5.73E-01 

1.63E  00 

4. 12E-01 

25.00 

1.41E  00 

4.73E-01 

1. 17E  00 

3. 28E-01 

30.  OC 

1.09E  00 

3.95E-01 

8.72E-01 

2. 65E-01 

35.00 

8.61E-01 

3.33E-01 

6.65E-01 

2. 16E-01 

40.00 

6. 93E-01 

2.84E-01 

5.16E-01 

1. 77E-01 

45.00 

5.67E-01 

2.43E-01 

4. 08E-01 

1. 47F-01 

50.00 

4.69E-01 

2. 1 IE-01 

3.26F-01 

1. 23E-01 

60.00 

3.33E-01 

1.61E-01 

2. 15E-01 

8. 75E-02 

70.00 

2.  44E-01 

1.26E-01 

1.47E-01 

6.  37E-02 

80.00 

1. 84E-01 

1.00E-01 

1.04E-01 

4. 73E-02 

90.00 

1.  43E-01 

8. 12E-02 

7.50E-02 

3. 57E-J2 

100.00 

1.13E-01 

6.69E-02 

5.53E-C2 

2. 74E-02 

TABLE  A2.70 


PHOTONS  AS  INCIDENT  PAHTICLES 

SHIELD  MATERIAL  ALUMINUM 

ALTITUDE  OF 

V. 

A.  SPECTRUM  = 4 

. 5000C00E  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 0.0 

DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

BATE 

RATE 

RATE 

RATE 

R.T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/IM2 

R,T  = 15.0  G/CM 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

RAD 

RAD 

SAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

6.32E  00 

1.25E-01 

6.18E  00 

1. 01E-01 

3.00 

4.17E  00 

1. 10E-01 

4.02E  00 

8. 81E-02 

5.00 

2. 20E  00 

8. 6 IE- 02 

2.08E  00 

6. 76E-02 

7.00 

1.33E  00 

6.79E-02 

1.23E  00 

5. 24E-02 

10.00 

7.  14E-01 

4.83E-02 

6.40E-01 

3. 623-02 

15.00 

3.06E-01 

2.84E-02 

2.61E-01 

2, 04S-02 

20.00 

1. 50E-01 

1.72E-02 

1.22E-01 

1.  * 8 E-0 2 

25.00 

8.02E-02 

1.07E-02 

6.24E-02 

7.07i>03 

30.00 

4.53E-02 

6.88E-03 

3.37E-C2 

4. 333-03 

35.00 

2.67E-02 

4.48E-03 

1.90E-02 

2. 703-03 

40.00 

1.63E-02 

2.96E-03 

1.1  IE-02 

1.  71E-03 

45.00 

1.02E-02 

1.99E-03 

6.66E-03 

1.  10E-03 

50.00 

6.55E-03 

1.35E-03 

4.08E-03 

7;  15E-04 

60.00 

2.83E-03 

6.42E-04 

1.62E-03 

3.  1 IE-04 

70.00 

1.30E-03 

3. 15E-04 

6.80E-04 

1.  40 E-0 4 

80.00 

6.18E-04 

1.60E-04 

2.96E-04 

6.483-05 

90.00 

3.04E-04 

8.33E-05 

1.33E-04 

3.  08E-05 

100.00 

1.55E-04 

4.43E-05 

6.19E-05 

1.493-05 

TABLE  A2.71 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  ALUMINUM 


ALTITUDE  OF 

V. 

A.  SPECTRUM  * 4. 

5000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  * 0.0 

DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

PATE 

RATE 

R,T  * 0.0  G/CM2 

B,T  = 15.0  S/CM2 

8 #T  = 0.0  G/IM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.00E  01 

1.57E-01 

9.82E  00 

1.  26E-01 

3.00 

6.34E  00 

1.38E-01 

6.  13E  00 

1. 10E-01 

S.00 

3.  19E  00 

1.07E-01 

3.02E  00 

9. U0E-02 

7.00 

1.88E  00 

8.42E-02 

1.73E  00 

6. 49E-02 

10.00 

9.78E-01 

5.95E-02 

8.76E-01 

4. 46E-02 

15.00 

4.08E-01 

3.47E-02 

3.48E-01 

2. 49E-02 

20.00 

1.97E-01 

2.09E-02 

1.60E-01 

1. 44E-02 

25.00 

1.03E-01 

1.30E-02 

8. 04E-02 

8.  54E-03 

30.00 

5.78E-02 

8.29E-03 

4.29E-02 

5.  20E-03 

35.00 

3.39E-02 

5.38E-C3 

2.4  IE-02 

3.  23E-03 

40.00 

2.05E-02 

3.54E-03 

1.39E-02 

2. 04E-03 

45.00 

1.28E-02 

2.37E-03 

8.31E-03 

1. 3 1 E-03 

50.00 

8.  16E-03 

1.6  IE-03 

5. 08E-03 

8. 49E-04 

60.00 

3.50E-03 

7.6  IE-04 

2.00E-03 

3. 67E-04 

70.00 

1.  59E-03 

3.72E-04 

8.33E-04 

1.  64E-04 

60.00 

7.55E-04 

1.88E-04 

3. 6 1E-0  4 

7. 60E-05 

90.00 

3. 69E-04 

9.77E-05 

1.62E-04 

3. 60E-05 

100.00 

1.87E-04 

5.  18E-05 

7.49E-05 

1. 74E-05 

294 


TABLE  A2.72 


PROTONS  AS  INCIDENT  PABTICLES  SHIELD  MATEBIAL  POLYETHYLENE 


ALTITUDE  OF 

V. 

A.  SPECTBUH  = 4. 

5000000 E 03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 0.0 

DECREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

BATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CH2 

R# T * 15.0  G/CH2 

R,T  * 0.0  G/2M2 

R,T  = 15.0  G/CM; 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2*00 

4.  32E  00 

1.14E-01 

4. 17E  00 

9. 15E-02 

3.00 

2.69E  00 

9.62E-02 

2.55E  00 

7. 63E-02 

5.00 

1.30E  00 

6.95E-02 

1.20E  00 

5. 3QE-02 

7.00 

7.33E-01 

5.09E-02 

6.57E-01 

3.  95E-02 

10.00 

3.58E-01 

3.28E-02 

3.09E-01 

2. 40E-02 

15.00 

1.35E-01 

1.66E-02 

1.09E-01 

1.  15E-02 

20.00 

5.88E-02 

8.87E-03 

4.49E-02 

5. 78E-03 

25.00 

2.83E-02 

4.92E-03 

2.04E-02 

3.  03E-03 

30.00 

1.45E-02 

2.8  IE-03 

9.86E-03 

1.64E-03 

35.00 

7. 80 E- 03 

1.65E-03 

5.02E-03 

9.  12E-04 

40.00 

4.35E-03 

9.9  IE-04 

2.65E-03 

5.  16E-04 

45.00 

2. 51E-03 

6. 04E-04 

1.45E-03 

2.  97E-04 

50.00 

1.48E-03 

3.73E-04 

8.06E-04 

1. 74E-04 

60.00 

5. 44E-04 

1.50E-04 

2.64E-04 

6. 18E-35 

70.00 

2.13E-04 

6.29E-05 

9. 23E-05 

2.29E-05 

80.00 

8.80E-05 

2.72E-05 

3.37E-05 

8. 742-06 

90.00 

3.77E-05 

1.22E-05 

1.27E-05 

3. 43E-06 

100.00 

1.  66E-05 

5.59E-06 

4.94E-06 

1. 38E-06 
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TABLE  A2.73 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OP  V • A.  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 


ANGLE  OF  V.  A. 

SPECTRUM  * 0.0 

DOSE  EQUIVALENT 

DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CM2 

R#T  * 15.0  G/CM2 

R#T  * 0.0  G/3S2 

R.T  = 15.0  G/IM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (6/CM2) 

REM 

REM 

REM 

REM 

2*  00 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

6.20E  00 

1.43E-01 

5. 98E  00 

1. 14E-01 

3.00 

3.73E  00 

1.20E-01 

3.54E  00 

9. 49E-02 

5.00 

1.73E  00 

8.62E-02 

1.60E  00 

6. 66E- 02 

7.00 

9.54E-01 

6.28E-02 

8. 54E-01 

4. 74E-02 

10.00 

4.56E-01 

4. 02 E- 02 

3.93E-01 

2. 93E-02 

15.00 

1.67E-01 

2.02E-02 

1.35E-01 

1. 39E-02 

20.00 

7.22E-02 

1 • 07E-02 

5. 50E-02 

6. 96E-03 

25.00 

3. 43E-02 

5. 9 IE-03 

2. 47E-02 

3.  63E-03 

30.00 

1.74E-02 

3.36E-03 

1.  18E-02 

1.96E-03 

35.00 

9.34E-03 

1.97E-03 

6.00E-03 

1. 08E-03 

40.00 

5. 19E-03 

1.  1 8E-03 

3. 15E-03 

6. 1 1E-04 

45.00 

2.97E-03 

7. 14E-04 

1.71E-03 

3.  50E-04 

50.00 

1.75E-03 

4.40E-04 

9.50E-04 

2. 04E-04 

60.00 

6.39E-04 

1.76E-04 

3.09E-04 

7. 25E-05 

70.00 

2.49E-04 

7.36E-05 

1. 08E-04 

2. 68E-05 

80.00 

1.02E-04 

3. 18E-05 

3.92E-05 

1.  02S-05 

90.00 

4.38E-05 

1.42E-05 

1.47E-05 

3. 99E-06 

100.00 

1.93E-05 

6.49E-06 

5. 7 IE-06 

1. 60E-06 
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TABLE  A2.74 


PROTONS  AS  INCIDENT  PARTICLES 

SHIELD  MATERIAL  COPPER 

ALTITUDE  OF  V. 

A.  SPECTRUM  * 4 

. 5000000E  03  NAUTICAL 

ANGLE  OF  V.  A. 

SPECTRUH  = 0.0 

DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

R.T  = 0.0  G/CH2 

R.T  * 15.0  G/CM2 

SHIELD 

HITHOUT 

HITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

PER  1.00  DAI 

PER  1.00  DAI 

2.00 

7.80E  00 

1.30E-01 

3.00 

5.27E  00 

1.  16E-01 

5.00 

2.90E  00 

9.38E-02 

7.00 

1.80E  00 

7.63E-02 

10.00 

1.01E  00 

5.66E-02 

15.00 

4.56E-01 

3.53E-02 

20.00 

2.35E-01 

2.27E-02 

25.00 

1. 31E-01 

1.49E-02 

30.00 

7.70E-02 

9.95E-03 

35.00 

4.71E-02 

6.77E-03 

40.00 

2.98E-02 

4.67E-03 

45.00 

1.93E-02 

3.26E-03 

50.00 

1.28E-02 

2.30E-03 

60.00 

5.92E-03 

1. 18E-03 

70.00 

2.88E-03 

6. 19E-04 

80.00 

1.46E-03 

3. 34E-04 

90.00 

7.6  IE-04 

1.84E-04 

100.00 

4.08E-04 

1.04E-04 

* 


! 


MILES 

ABSOFBED  DOSE  ABSORBED  DOSE 


RATE  RATE 

R .T  * 0.0  G/:a2  R,T  * 15.0  G/CM2 

WITH  WITH 

ATTENUATION  ATTENUATION 


I 

. 

i 

! 


RAD 

PER  1.00  DAI 
7.68E  00 
5. 14E  00 
2.78E  00 
1.70E  OC 
9.27E-01 
4.05E-01 
2.01E-01 
1.08E-01 
6. 142-02 
3.63E-02 
2.22E-02 
1.39E-02 
8.862-03 
3.82E-03 
1.73E-03 
8.20E-04 
3.99E-04 
2.00E-04 


RAD 

PER  1.00  DAY 
1. 052-01 
9.35E-02 
7. 442-02 
5. 972-02 
4. 332-02 
2. 6 IE-02 

1.  6 2E-02 
1. 03E-02 
6.  63E-03 
4.  36E-03 

2.  90E-03 
1. 96B-03 
1.  34E-03 
6.  38E-04 

3.  13E-04 
1. 59E-04 
8. 12E-05 
4. 27E-05 


TABLE  A2.75 


AS  INCIDEHT  particles  SHIELD  MATERIAL  -OPPEB 
fHJ?0??  0r  A*  SPECTRUM  * 4.5000000E  03  NAUTICAL  ^ILES 


ANGLE  OP  V,  A.  SPECTRUM  * 0.0 

DOSE  EQUIVALENT 

RATE 


degrees 

DOSE  EQUIVALENT 
BATE 


DOSE  EQUIVALENT 
RATE 


SHIELD 


P#T  * 0.0  G/CH2  R#T  * 15.0  G/CH2 


WITHOUT 


WITHOUT 


DEPTH 

P#S  (G/CH2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

1QO.OO 


ATTENUATION 

REH 

PER  1.00  DAY 
1.33E  01 
8.62E  00 
4.49E  00 
2.  7 1 E 00 
1.46E  00 
6.42E-01 
3. 24E-01 
1. 78E-01 
1.03E-01 
6.27E-02 
3. 93E-02 
2. 54E-02 
1*  67E-02 
7 • 64E-03 
3. 69E~03 
1.86E-03 
9.65E*04 
5. 15E-04 


ATTENUATION 

REM 

PER  1.00  DAY 
1.63E-01 
1.45E-01 

1.  17E-01 
9. 47E-02 
6.99E-02 
4.33E-02 
2.77E-02 

1.8  IE-02 
1. 20E-02 
8. 17E-03 
5.  62E-03 

3.9  IE-03 

2.  7*'E-03 
1. 40E-03 
7.35E-04 
3.95E-04 
2.  17E-04 
1.22E-04 


WITH 

ATTENUATION 

REH 

PER  1.00  Dll 
1.32E  01 
8.43E  00 
4.32E  00 
2.56E  00 
1.35E  00 
5.70E-01 
2.77E-01 
1.47E-01 
8. 23E-02 
4.82E-02 
2.92E-02 
1.82E-02 
1. 15E-02 
4.93E-0J 
2.22E-0J 
1.04E-03 
5. 06E-04 
2.  52E-04 


DOSE  EQUIVALENT 
RATE 

R,T  * 15.0  G/CH2 


WITH 


ATTENUATION 

•EH 

PER  1.00  DAY 
1.  12E-01 
1. 17E-01 
9.  25E-02 
7.  40E-02 
5. 34E-02 
3. 20E- 02 
1.  97E-02 
1. 245-02 
ft. 01E-03 
5.  25E-03 

3.  485-03 
2. 34  5-03 
1. 591-03 
7.  575-04 
3.  715-04 
1. 865-04 
9. 545-05 
5. 015-05 


TALLF.  A2.76 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OP  V.  A.  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A,  SPECTPUM  * 3.0000000E  01  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 

RATE 

RITE 

SATE 

E.T  = 0.0  G/CM2 

P # T * 15.0  G/CH2 

R,T  « 0.0  G/IH2 

a,T  « 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

UITiS 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

1 (G/CM2) 

RAD 

RAD 

RAD 

RAO 

PER  1.00  DAT 

PER  1.00  DAY 

PER  1.00  DAY 

PEP  1.00  DAY 

2.00 

2.69E  00 

4.52E-02 

2.63E  00 

3.  65S-02 

3.00 

1.66E  00 

4.00E-02 

1.60E  00 

3. 20E-02 

5.00 

8. 14E-01 

3. 17E-02 

7.68E-01 

2. 49E-02 

7.00 

4.76E-01 

2.52E-02 

4.39E-01 

1. 95E-02 

10.00 

2.  50E-01 

1.8  3E-02 

2.24E-01 

1. 372-02 

15.00 

1.08E-01 

1. 11E-02 

9.202-02 

7. 95E-03 

20.00 

5.  40E-02 

6.92E-03 

4.40E-02 

4.  76S-03 

25.00 

2.96E-02 

4.46E-03 

2.30E-02 

2. 94E-03 

30.  00 

1. 72E-02 

2.93E-03 

1. 28E-02 

1.  95E-03 

35.00 

1 • 05E-02 

1.97E-03 

7.4  5E-03 

1.  192-03 

40.00 

6. 58E-03 

1.34E-03 

4.49S-03 

7.  76E-04 

45.00 

4.25E-03 

9.27E-G4 

2.77E-03 

5.  122-04 

50.00 

2.  8 IE- 03 

6.47E-04 

1.75E-03 

3.  422-04 

60.00 

1.29E-03 

3.24E-^4 

7 • 38E-04 

1.  57E-04 

70.00 

6.23E-04 

1.63E-04 

J.26E-04 

7.  45E-05 

80. CO 

3. 13E-04 

8. 95E-05 

1. 50E-04 

3.62E-05 

90.00 

1.63E-04 

4.88E-05 

7.1 4E-05 

1. 30B-05 

100.00 

8.68E-05 

2.72E-05 

3.48E-05 

9.  13E-06 

TABLE  A2.7? 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V,  A.  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


RATE 


BATE 


RATE 


RATE 


SHIELD 


0.0  G/CH2 

B#T  * 15.0  G/CH2 

R#T  • 0.0  G/CM2 

R#T  * 15.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

H.S  (G/CK2) 

REM 

PER  1.00  DAT 

2.00 

4. 4 IE  00 

3.00 

2.58E  00 

5.00 

1.  19E  00 

7.00 

6.74E-01 

10.00 

3.43E-01 

15.00 

U43E-01 

20.00 

7.02E-02 

25.00 

3.79E-02 

30.00 

2.  18E-02 

35.00 

1.32E-C2 

40.00 

8.22E-03 

45.00 

5.28E-03 

50.00 

3.47E-03 

60.00 

1.58E-03 

70.00 

7. 60E-04 

80.00 

3.79E-04 

90.00 

1.96E-04 

100.00 

1.04E-04 

ATTENUATION 

ATTENUATION 

REM 

SEN 

PEI  1.00  DAT 

PER  1.00  DA 

5.64E-02 

4.32E  00 

4. 97E-02 

2.50E  00 

3.92E-02 

1.13E  00 

3.1  IE-02 

6.23E-01 

2. 24E-02 

3.08E-01 

1.34E-02 

1*222-0 1 

8.36E-03 

5.71E-02 

5.36E-03 

2.95E-02 

3.51E-03 

1.62E-02 

2.35E-03 

9.36E-03 

1.60E-03 

5. 59E-03 

1.10E-03 

3. 44E-03 

7.65E-04 

2.16E-03 

3. 8 IE-04 

9.03E-04 

1.97E-04 

3.97E-04 

1.05E-04 

1.82E-04 

5.69E-05 

8.80E-05 

3. 16E-05 

4.17E-05 

ATTENUATION 

REM 

PER  1,00  DAT 

4.  542-02 
3. 97E-02 
3.  07E-02 
2.40E-02 
1.68E-02 
9*  64E-03 

5.  74E-03 
3.52E-03 
2.  21E-03 
1.41E-03 
9. 20E-04 
6.05E-04 
4, 03E-04 
1,  842-04 
8.  72E-05 
4.23E-05 
2.09E-05 
1.06E-05 


TABLE  A2.78 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  * 3.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 

fi^E  HATE  RATE 


R #T  * 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R#  S (G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

1.73E  00 

3.00 

1.02E  00 

5.00 

4.65E-01 

7.00 

2. 57E-01 

10.00 

1.26E-01 

15.00 

4.85E-02 

20.00 

2.20E-02 

25.00 

1.  10E-02 

30.00 

5. 89E-03 

35.00 

3.  30E-03 

40.00 

1.92E-03 

45.00 

1. 15E-03 

50.00 

7.03E-04 

60.00 

2.78E-04 

70.00 

1.17E-04 

80.00 

5.  12E-05 

90.00 

2.34E-05 

100.00 

1. 10E-05 

1 * 15.0  G/CM2 

R#T  « 0.0  G/Z 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

ER  1.00  DAY 

PER  1.00  DA 

4. 14 E- 02 

1.67E  00 

3.52E-02 

9.63E-01 

2.58E-02 

4.28E-01 

1.92E-02 

2.31E-01 

1.27E-02 

1.08E-01 

6.70E-03 

3.93E-02 

3.72E-03 

1.68E-02 

2. 15E-03 

7.95E-03 

1.28E-03 

4.02E-03 

7.80E-04 

2.13E-03 

4.84E-04 

1. 17E-03 

3.06E-04 

6.62E-04 

1.97B-04 

3.83E-04 

8. 4 IE-05 

1.35E-04 

3.76E-05 

5.05E-05 

1.74E-05 

1.96E-05 

8.24E-06 

7.91E-06 

3.99E-06 

3.26E-06 

ABSORBED  DOSE 
BATE 

i.T  * 15,0  G/CH2 
KITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
3.  321-02 
2.79E-02 
2. D0E-02 
1. 45E-02 
9.20B-O3 
4.63E-03 
2.43E-03 
1.  33E-03 
7. 47B-04 
4. 30E-04 
2.53B-04 
1. 51E-04 
9. 15B-05 
3.47E-05 
1.37B-05 
5.  50E-O6 
2. 32E-06 
9.84B-07 


TABLE  A2.79 


PHOTONS  AS  INCIDENT  PAHTICLES  SHIELD  H ATEBIAL  POLYETHYLENE 
ALTITUDE  OF  Y.  A.  SPECTPUH  * 4.5000000E  03  NAUTICAL  HILES 
ANGLE  OF  V.  A,  SPECTRUM  = 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

BATE 

BATE 

RATE 

RATE 

B.T  * 0.0  G/CK2 

B#T  * 15.0  G/CH2 

B,T  * 0.0  G/CS2 

R#T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REH 

REH 

REH 

REH 

PEB  1.00  DAY 

PEB  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2. 54E  00 

5.15E-02 

2.45E  00 

4. 12E-02 

3.00 

1.43E  00 

4.36E-02 

1.35E  00 

3.45E-02 

5.00 

6.23E-01 

3. 1 8E-02 

5.73E-01 

2.46E-02 

7.00 

3. 35E-01 

2.35E-02 

3.002-0 1 

1. 78  £-02 

10.00 

1.60E-01 

1.55E-02 

1.382-01 

1. 132-02 

15.00 

6.01E-02 

8.06E-03 

4.86E-02 

5.  572-03 

20.00 

2.68E-02 

4.46E-03 

2.05E-02 

2. 90E-03 

25.00 

1.33E-02 

2.56E-03 

9.57E-03 

1.  58E-03 

30.00 

7.05E-03 

1.52E-03 

4.80E-03 

8.84E-04 

35.00 

3.92E-03 

9.22E-04 

2.52E-03 

5. 07E-04 

40.00 

2.27E-03 

5.70E-04 

1.38E-03 

2.97E-04 

45.00 

1.35E-03 

3.60E-04 

7.78E-04 

1.  77E-04 

50.00 

8.26E-04 

2.3  IE-04 

4.46E-04 

1.07E-04 

60.00 

3. 25E-04 

9.82E-05 

1.58E-04 

4.  04E-05 

70.00 

1.36E-04 

4.37E-05 

5.86E-05 

1. 59E-05 

80.00 

5.93E-05 

2.0  IE- 05 

2.27E-05 

6.  46E-06 

90.00 

2.70E-05 

9.53E-06 

9. 12E-06 

2.68E-06 

100.00 

1.27E-05 

4. 6 IE-06 

3.75E-06 

1. 13E-06 

302 


TABLE  A2.80 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V,  A*  SPECTRUM  = 3.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 

EATE  RATE  RATE 


R.T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R,S  (G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

3.44E  00 

3.00 

2.16E  00 

5.00 

1.  10E  00 

7.00 

6.56E-01 

to. 00 

3.55E-01 

15.00 

1.60E-01 

20.00 

8. 31E-02 

25.00 

4.72E-02 

30.  00 

2.85E-02 

35.00 

1.79E-02 

40.00 

1.  16E-02 

45.00 

7.73E-03 

50.00 

5.  26E-03 

60.00 

2.56E-03 

70.00 

1.31E-03 

80.00 

6.95E-04 

90.00 

3.80E~04 

100.00 

2.13E-04 

T * 15.0  G/CM2 

R #T  * 0.0  G/CH 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

4.68E-02 

3.39E  00 

4. 2 IE-02 

2.11E  00 

3.43E-02 

1.05E  00 

2.82E-02 

6.19E-01 

2. 12E-02 

3.27E-01 

1.36E-02 

1.42E-01 

8.95E-03 

7.1  IE-02 

6.04E-03 

3.90E-02 

4. 15E-03 

2.27E-02 

2.90E-03 

1.38E-02 

2.05E-03 

8.64E-03 

1.47E-03 

5.55E-03 

1.06E-03 

3.65E-03 

5.69E-04 

1.65E-03 

3.13E-04 

7.90E-04 

1.77E-04 

3. 9 IE-04 

1.02E-04 

1.99E-04 

6.01E-05 

1.05E-04 

ABSORBED  DOSE 
RATE 

R,T  * 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAT 
3.  B0E-02 
3.39E-02 
2. 73E-02 
2. 2 IE-02 
1. 63E-02 
1.  0 IE- 02 
6.  405-03 
4. 17E-03 
2.77E-03 
1.07E-O3 
1.  28E-D3 
8. 83S-04 
6. 172-04 
3. 0QE-04 
1. 59E-04 
8. 38E-05 
4. 50E-05 
2.47E-05 


TABLE  A2.81 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  - 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R.T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

6.14E  00 

3.00 

3.65E  00 

5.00 

1.73E  00 

7.00 

9.95E-01 

10.00 

5.  18E-01 

15.00 

2.24E-01 

20.00 

1. 14E-01 

25.00 

6.38E-02 

30.00 

3.80E-02 

35.00 

2.36E-02 

40.00 

1. 52E-02 

45.00 

1.00E-02 

50.00 

6.79E-03 

60.00 

3.27E-03 

70.00 

1.66E-03 

80.00 

8.78E-04 

90.00 

4.77E-04 

100.00 

2.67E-04 

>0SE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

T = 15.0  G/CM2 

8 #T  * 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

FEM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

5. 84E-02 

6.06E  00 

5. 24E-02 

3.57E  00 

4.25E-02 

1.66E  00 

3.48E-02 

9.40E-01 

2. 6 IE-02 

4.78E-01 

1.66E-02 

1.99E-01 

1.09E-02 

9.76E-02 

7.28E-03 

5.26E-02 

4.99E-03 

3.03E-02 

3.47E-03 

1 • 8 IE-02 

2.44E-03 

1.13E-02 

1.75E-03 

7.20E-03 

1.26E-03 

4. 7 IE-03 

6.73E-04 

2. 1 1E-03 

3.69E-04 

1.00E-03 

2.08E-04 

4.93E-04 

1.20E-04 

2.50E-04 

7.02E-05 

1 • 3 IE-04 

DOSE  EQUIVALENT 
RATE 

R.T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
4.  73E-02 

4. 2 IE-02 
3.  37E-02 
2.72E-02 

1.  99E-02 
1. 23E-02 
7.  75E-03 
5.02E-03 
3.  32E-03 

2.  23E-03 
1. 52E-03 
1.05E-03 

7. 3 IE-04 
3. 64E-04 
1. 86E-04 
9.81E-05 
5. 26E-05 
2.87E-05 


TABLE  A2.82 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OF 

V. 

A.  SPECTRUM  = 4. 

5000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 6.0C00000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

R,  7 = 15.0  G/CM2 

R , T = 0.0  G/IM2 

B,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PEP.  1.00  DAY 

2.00 

1.35E  00 

2.45E-02 

1.32E  00 

1. 98E-02 

3.00 

8. 5 IE- 01 

2.17E-02 

8.22E-01 

1. 74E-02 

5.00 

4.28E-01 

1.72E-02 

4.04E-01 

1. 35E-02 

7.00 

2.53E-01 

1.37E-02 

2.34E-01 

1. 06E-02 

10.00 

1.35E-01 

9.92E-03 

1.21E-01 

7.46E-03 

15.00 

5.84E-92 

6.01E-03 

4.98E-02 

4. 32E-03 

20.00 

2.93E-02 

3.76E-03 

2.38E-02 

2.  59E-03 

25.00 

1.61E-02 

2.42E-03 

1.25E-02 

1. 59E-03 

30.00 

9.34E-03 

1.59E-03 

6.96E-03 

1. 00E-03 

35.00 

5.682-03 

1.07E-03 

4.05E-03 

6. 45E-04 

40.00 

3.57E-03 

7.29E-04 

2.44E-03 

4.  21E-04 

45.00 

2.31E-03 

5.03E-04 

1. 5 IE-03 

2. 78E-04 

50.00 

1.  52E-03 

3.51E-04 

9.50E-04 

1. 85E-04 

60.00 

7.00E-04 

1.75E-04 

4.00E-04 

8.  51 E- 05 

70.00 

3. 38E-04 

9. 10E-05 

1.77E-04 

4.  03E-05 

80.00 

1.69E-04 

4.85E-05 

8. 14E-05 

1. 96E-05 

90.00 

8.81E-05 

2.64E-05 

3.86E-05 

9. 73E-C6 

100.00 

4.70E-05 

1.47E-05 

1.88E-05 

4. 93E-06 

TABLE  A2.83 


PHOTONS  AS  INCIDENT  PAHTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTHUM  = 4.5000000E  03  NAUTICAL  MTLES 
ANGLE  OF  V.  A.  SPECTHUM  = 6.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
BATE 


R.T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

2.20E  00 

3.00 

1.32E  00 

5.00 

6.26E-01 

7.00 

3.58E-01 

10.00 

1.84E-01 

15.00 

7 • 74E-02 

20.00 

3. 81E-02 

25.00 

2.06E-02 

30.00 

1. 18E-02 

35.00 

7.15E-03 

40.00 

4.46E-03 

45.00 

2.87E-03 

50.00 

1.88E-03 

60.00 

8.59E-04 

70.00 

4. 12E-04 

80.00 

2.05E-04 

90.00 

1.06E-04 

100.00 

5.65E-05 

'OSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

BATE 

T = 15.0  G/CM2 

R.T  = 0.0  G/2M2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

3.06E-02 

2.16E  00 

2.70E-02 

1.27E  00 

2.13E-02 

5.91E-01 

1.69E-02 

3. 3 1E-0 1 

1.22E-02 

1.65E-01 

7.30E-03 

6.60E-02 

4.54E-03 

3.1 0E-02 

2.9  IE-03 

1.60E-02 

1.91E-03 

8.8 iE-03 

1.27E-03 

5. 08E-03 

8.66E-04 

3. 04E-03 

5.96E-04 

1.87E-03 

4. 15E-04 

1. 17E-03 

2. 06E-04 

4. 90E-04 

1.07E-04 

2.15E-04 

5. 66E-05 

9.85E-05 

3.07E-05 

4.66E-05 

1.71E-05 

2.26E-05 

DOSE  EQUIVALENT 
RATE 

R,r  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.  46E-02 
2. 16E-02 
1.  67E-02 
1. 30E-02 
9. 1 1E-03 
5.24E-03 
3. 12E-03 
1. 91E-03 

1.  20E-03 
7. 67E-04 
4. 99E-04 
3. 23E-04 

2.  19E-04 
9.99E-05 
4. 72E-05 
2.29E-05 
1. 13E-05 
5. 72S-06 


TABLE  A2.84 


f?2?£!!iLAS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OP  V.  A.  SPECTRUM  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  - 6.0000000E  Ot  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 


R,T  « 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

RAD 

PER  1.00  DAY 

2.00 

8.  88E-01 

3.00 

5. 3 1E-0 1 

5.00 

2.48E-01 

7.00 

1.38E-01 

10.00 

6.80E-02 

15.00 

2.63E-02 

20.00 

1.19E-02 

25.00 

5. 98E-03 

30.00 

3.20E-03 

35.00 

1.79E-03 

40.00 

1.04E-03 

45.00 

6.23E-04 

50.00 

3. 8 IE-04 

60.00 

1. 51E-04 

70.00 

6.32E-05 

80.00 

2.77E-05 

90.00 

1.27E-05 

100.00 

5. 94E-06 

RATE 

RATE 

T * 15.0  G/CM2 

R « T = 0.0  G/Z 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PEB  1.00  BV 

2.25E-02 

8.56E-01 

1.91E-02 

5.03E-01 

1.40E-02 

2.28E-01 

1.04E-02 

1.24E-01 

6.89E-03 

5.87E-02 

3. 64E-03 

2. 13E-02 

2.02E-03 

9. 14E-03 

1.17E-03 

4.32E-03 

6.95E-04 

2.  18E-03 

4.23E-04 

1. 15E-03 

2.62E-04 

6. 36E-04 

1.66E-04 

3.59E-04 

1.06E-04 

2. 08E-04 

4.55E-05 

7. 33E-05 

2.03E-05 

2. 73E-05 

9.39E-06 

1.06E-05 

4.44E-06 

4.27E-06 

2. 15E-06 

1.76E-06 

ABSORBED  DOSE 
RATE 

R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
1. 80E-02 
1. 52E-02 
1. 09E-02 
7. 90E-03 
5. 04E-03 
2. 51E-03 
1.  32E-03 
7. 20E-04 
4.05E-04 
2. 33E-04 
1. 37E-04 
8. 18E-05 
4. 95E-05 
1. 38E-05 
7. 41E-06 
3. 01E-D6 
1.25E-06 
5. 30E-07 


307 


f 


TABLE  A2.85 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATEBIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A*  SPECTHUH  * 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTHUH  = 6.0000000E  01  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CH2 

R,T  * 15.0  G/CM2 

R#T  * 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REN 

REH 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2*00 

1.29E  00 

2.79E-02 

1.25E  00 

2.24E-02 

3.00 

7.42E-01 

2.37E-02 

7.04E-01 

1.87E-02 

5*00 

3. 3 IE-01 

1.73E-02 

3.05E-01 

1.33E-02 

7.00 

1.80E-01 

1 • 28E-02 

1 • 6 1E-0 1 

9.66E-03 

10.00 

8.63E-02 

8.40E-03 

7.43E-02 

6. 1 2E-03 

15.00 

3.26E-02 

4.39E-03 

2.64E-02 

3.02E-03 

20.00 

1.46E-02 

2.42E-03 

1.1  IE-02 

1.58E-03 

25.00 

7.22E-03 

1.39E-03 

5.20E-03 

8.  56E-04 

30.00 

3.83E-03 

8.25E-04 

2. 60E-03 

4. 80E-04 

35.00 

2. 13E-03 

5. 00E-04 

1.37E-03 

2.75E-04 

40.00 

1.23E-03 

3.09E-04 

7.50E-04 

1. 6 IE-04 

45.00 

7.35E-04 

1.95E-04 

4.22E-04 

9.59E-05 

50.00 

4.48E-04 

1.25E-04 

2.43E-04 

5.79E-05 

60.00 

1.76E-04 

5.31E-05 

8.54E-05 

2.  19E-05 

70.00 

7.34E-05 

2.36E-05 

3.17E-05 

8.60E-06 

80.00 

3. 2 1E-0 5 

1.09E-05 

1.23E-05 

3.  49E-06 

90.00 

1.46E-05 

5.14E-06 

4.93E-06 

1.45E-06 

100.00 

6.  84E-06 

2.48E-06 

2.03E-06 

6. 12E-07 
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TABLE  A2.86 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 


ALTITUDE  OF  V. 

A.  SPECTRUM  = 4. 

5000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  * 6.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CM2 

R*T  * 15.0  G/CM2 

R,T  = 0.0  G/0M2 

r,t  * 15.0  g/cm; 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CN2) 

RAD 

BAD 

RAD 

RAD 

PER  1.00  DAT 

PER  1.00  DAY 

PER  1.00  DAT 

PER  1.00  DAY 

2*00 

1.71E  00 

2.54E-02 

1.69E  00 

2. 06E-02 

3*00 

1.10E  00 

2. 29E-02 

1.07E  00 

1. 84E-02 

5.00 

5.72E-01 

1.86E-02 

5.49E-01 

1. 48E-02 

7.00 

3.47E-01 

1.53E-02 

3.28E-01 

1.20E-02 

10.00 

1.90E-01 

1.  15E-02 

1.75E-01 

8. 83E-03 

15.00 

8.62E-02 

7. 38E-03 

7.66E-02 

5.47E-03 

20.00 

4.50E-02 

4.86E-03 

3.85E-02 

3.  48E-03 

25.00 

2.56E-02 

3.28E-03 

2. 12E-02 

2.26E-03 

30.00 

1.55E-02 

2.25E-03 

1.23E-02 

1. 50E-03 

35.00 

9.71E-03 

1.57E-03 

7.47E-03 

1.01E-03 

40.00 

6.31E-03 

1. 1 1E- 03 

4.69E-03 

6.  92E-04 

45.00 

4.20E-03 

7. 97E-04 

3.01E-03 

4.79E-04 

50.00 

2.86E-03 

5.76E-04 

1.98E-03 

3.  35E-04 

60.00 

1.39E-03 

3.08E-04 

8.96E-04 

1. 67E-04 

70.00 

7.  10E-04 

1.70E-04 

4.28E-04 

8.  59E-05 

80.00 

3.77E-04 

9.60E-05 

2. 12E-04 

4.53E-05 

90.00 

2.06E-04 

5.54E-05 

1.08E-04 

2.44E-05 

100.00 

1.16E-04 

3.25E-05 

5.66E-05 

1.33E-05 

309 


TABLE  A2.87 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OP  V.  A.  SPECTRUM  = 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 6.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R»T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R»  S (G/CM2) 

REM 

PER  1.00  DAY 

o 

o 

. 

fN 

3.02E  00 

3.00 

1.84E  00 

5.00 

8.98E-01 

7.00 

5.24E-01 

10.00 

2.77E-01 

15.00 

1.21E-01 

20.00 

6. 18E-02 

25.00 

3.46E-02 

30.00 

2.06E-02 

35.00 

1.28E-02 

40.00 

8.26E-03 

45.00 

5.45E-03 

50.00 

3. 69E-03 

60.00 

1.77E-03 

70.00 

9.02E-04 

80.00 

4.76E-04 

90.00 

2. 59E^04 

100.00 

1.45E-04 

>OSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

T » 15.0  G/CM2 

R,T  = 0.0  G/CN2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAI 

PER  1.00  DAY 

3.17E-02 

2.98E  00 

2.85E-02 

1.80E  00 

2.3  IE-02 

8.63E-01 

1.89E-02 

4.95E-01 

1.42E-02 

2.56E-01 

9.01E-03 

1.08E-01 

5.90E-03 

5.29E-02 

3.95E-03 

2.86E-02 

2.71E-03 

1.64E-02 

1.88E-03 

9.85E-03 

1.33E-03 

6.13E-03 

9.48E-04 

3. 9 IE-03 

6.84E- 04 

2.56E-03 

3.65E-04 

1.15E-03 

2.00E-04 

5.43E-04 

1.13E-04 

2.68E-04 

6.48E-05 

1.36E-04 

3.79E-05 

7.08E-05 

DOSE  EQUIVALENT 
RATE 

R#T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.03  DAY 
2. 56 E- 02 
2.29E-02 
1.83E-02 
1.48E-02 
1. 08E-02 
6.66E-03 

4. 2 IE-03 
2. 73E-03 
1. 80E-03 

1. 2 IE-03 
8. 24E-D4 
5.69E-04 
3. 96E-04 
1. 97E-04 
1.  01E-04 
5.31E-05 
2.85E-05 
1.55E-05 


TABLE  A2.88 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OF  V. 

A.  SPECTRUM  = 4. 

5000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  = 9.0000000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.17E  00 

2.09E-02 

1.14E  00 

1.69E-02 

3.00 

7. 34E-01 

1.85E-02 

7.09E-01 

1.48E-02 

5.00 

3.69E-01 

1.47E-02 

3.48E-01 

1. 15E-02 

7.00 

2. 18E-01 

1.17E-02 

2. 0 1E-0 1 

9.02E-03 

10.00 

1.  15E-01 

8.45E-03 

1.03E-01 

6. 352-03 

15.00 

4. 99E-02 

5.1  IE-03 

4.26E-02 

3.68E-03 

20.00 

2.  50E-02 

3.20E-03 

2.04E-02 

2.  20E-03 

25.00 

1.37E-02 

2.06E-03 

1.07E-02 

1.36E-03 

30.00 

7.96E-03 

1.36E-03 

5.93E-03 

8. 53E-04 

35.00 

4.84E-03 

9.09E-04 

3.45E-03 

5. 49E-04 

40.00 

3.04E-03 

6.20E-04 

2.07E-03 

3. 58E-04 

45.00 

1.97E-03 

4.27E-04 

1.28E-03 

2. 36E-04 

50.00 

1.30E-03 

2.98E-04 

8. 08E-04 

1. 58E-04 

60.00 

5.95E-04 

1.49E-04 

3.40E-04 

7. 24S-05 

70.00 

2.87E-04 

7.74E-05 

1.50E-04 

3. 43E-05 

80.00 

1.44E-04 

4.12E-05 

6.92E-05 

1.67E-05 

90.00 

7.49E-05 

2.24E-05 

3.28E-05 

8.27S-06 

100.00 

3.99E-05 

1.25E-05 

1.60E-05 

4. 1 93- 06 

TABLE  A2.89 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OP  V.  A.  SPECTRUM  = 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.000000GE  01  DEGREES 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R#T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R.T  = 0.0  G/Z M2 

E,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.90E  00 

2.6  IE-02 

1.66E  00 

2.  19E-02 

00 

1 . 14E  00 

2.  30E-02 

1.10E  00 

1. 84E-02 

5.00 

5.39E-01 

1 . 8 IE- 02 

5.09E-01 

1 . 42E-02 

7.00 

3.08E-01 

1.44E-02 

2.84E-01 

1 . 1 1E-02 

10.00 

1.  58E-01 

1.04E-02 

1.42E-01 

7. 77E-03 

15.00 

6.62E-02 

6.22E-03 

5. 64E-02 

4. 46E-03 

20.00 

3. 25E-02 

3.86E-03 

2.64E-02 

2. 65E-03 

25.  00 

1. 76E-02 

2.48E-03 

1.37E-02 

1. 63E-03 

30.  00 

1.01E-02 

1.62E-03 

7.51E-03 

1. 02E-03 

35.00 

6.09E-03 

1.08E-03 

4.33E-03 

6. 52S- 04 

40.00 

3. 80 E- 03 

7.37S-04 

2.58E-03 

4. 24E-04 

45.00 

2.44E-03 

5.07E-04 

1. 59E-03 

2. 79E-04 

50.  00 

1.60E-03 

3.  53E-04 

9.97E-04 

1 . 96E-04 

60.00 

7.30E-04 

1.76E-04 

4. 16E-04 

8. 50E-05 

70.00 

3.  50E-04 

9.07E-05 

1.83E-04 

4.  0 IE-05 

60.00 

1.75E-04 

4.81E-05 

8.38E-05 

1. 94E-05 

90.  00 

9.  04E-05 

2.  6 IE-05 

3.96E-05 

9. 62E-06 

100.00 

4.80E-05 

1.45E-05 

1.92E-05 

4. 87E-06 
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TABLE  A2.90 


PHOTONS  AS 
ALTIT0D3  OF 
ANGLE  OF  V. 


INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
V.  A,  SPECTRUM  = 4.5000000E  03  NAUTICAL  MILES 

A.  SPECTRUM  = 9.0000000E  01  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED 


DOSE 


ABSORBED  DOSE 


RATE 


RATE 


RATE 


RATE 


SHIELD 


R#T  = 0.0  G/CM2 


R#T  = 15.0  G/CM2  R#T  = 0.0  G/Z S 2 


WITHOUT 


WITHOUT 


WITH 


DEPTH 

R*  S (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 
50.  00 

60.00 

70.00 

80.00 
90.00 

100.00 


ATTENUATION 

RAD 

PER  1.00  DAY 
7. 66E-0 1 
4. 57E-01 
2. 13E-01 

1.  18E-01 
5.82E-02 

2.  24E-02 
1.02E-02 
5. 09E-03 
2.  72E-03 
1. 52E-03 
8.86E-04 
5.30E-04 
3. 24E-04 
1.  28E-04 
5.37E-05 
2.35E-05 
1.08E-05 
5.05E-06 


ATTENUATION 

RAD 

PER  1.00  DAY 
1.92E-02 
1.63E-02 
1. 19E-02 
8.89E-03 
5.87E-03 
3. 10E-03 
1.72E-03 
9.92E-04 
5.91E-04 
3.60E-04 
2.2'<E-04 
1.41E-04 
9.05B-05 
3.87E-05 
1.73E-05 
7.98E-06 
3.78E-06 
1.83E-06 


ATTENUATION 

RAD 

PER  1.00  DAY 
7.38E-01 
4.33E-01 
1.96E-01 
1.06E-01 
5.02E-02 
1.82E-02 
7.  79E-03 
3.68E-03 
1.86E-03 
9.82E-04 
5. 4 IE-04 
3.05E-04 
1.76E-04 
6.24E-05 
2.32E-05 
9.02E-06 
3.63E-06 
1.50E-06 


S.T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
1. 54E-02 
1. 29E-02 
9.  25E-03 
6. 73E-03 
4. 29E-03 
2. 14E-03 
1.  12E-03 
6. 13E-04 
3. 45E-04 
1. 98E-04 
1. 16E-04 
6. 96E-05 
4.21E-05 
1. 59E-05 
6. 30E-06 
2. 56E-06 
1.06E-06 
4. 51E-07 
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TABLE  A2.91 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTPUM  = 4.5000000E  03  NAUTICAL  BILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R #T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R,S  (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

1.  12E  00 

3.00 

6.39E-01 

5.00 

2.84E-01 

7.00 

1. 54E-01 

10.00 

7.38E-02 

15.00 

2. 78E-02 

20.00 

1.24E-02 

25.00 

6.  15E-03 

30.00 

3. 26E-03 

35.00 

1. 81E-03 

40.00 

1.05E-03 

45.00 

6.25E-04 

50.00 

3. 8 IE-04 

60.00 

1.  50E-04 

70.00 

6. 24E-05 

80.00 

2.73E-05 

90.00 

1.24E-05 

100.00 

5. 81E-06 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R.T  = 0.0  G/2M 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

2.38E-02 

1.08E  00 

2.02E-02 

6.07E-01 

1.47E-02 

2.62E-01 

1.09E-02 

1.38E-01 

7.15E-03 

6.36E-02 

3. 74E-03 

2.25E-02 

2.06E-03 

9.48E-03 

1. 18E-03 

4.43E-03 

7.0  IE-04 

2.22E-03 

4.25E-04 

1. 16E-03 

2.63E-04 

6.38E-04 

1.66E-04 

3.59E-04 

1.06E-04 

2.07E-04 

4.52E-05 

7.26E-05 

2. 0 IE-05 

2.69E-05 

9.25E-06 

1.04E-05 

4. 37E-06 

4.  19E-06 

2. 1 1E-06 

1.72E-06 

DOSE  EQUIVALENT 
RATE 

B,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1. 9 IE-02 
1. 60E-02 

1.  14E-02 
8. 23E-03 
5.22E-03 
2. 57E-03 
1. 34E-03 
7. 28E-04 
4. 08E-04 
2. 34E-04 
1. 37E-04 
8.  16E-05 
4. 92E-05 
1. 86E-05 
7. 31E-06 

2.  97E-06 
1. 23E-06 
5. 20E-07 
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TABLE  A2.92 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  = 4.5000000E  03  NAUTICAL  MILES 
ANGLE  OF  V,  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/0M2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.48E  00 

2.  17E-02 

1.46E  00 

1. 76E-02 

3.00 

9.50E-01 

1.95E-02 

9.28E-01 

1.57E-02 

5.00 

4. 93E-01 

1.59E-02 

4.73E-01 

1. 26E-02 

7.00 

2.98E-01 

1 .3  IE-02 

2.82E-01 

1.02E-02 

10.00 

1.63E-01 

9.82E-03 

1.50E-01 

7. 52 E- 03 

15.00 

7.38E-02 

6.29E-03 

6.55E-02 

4. 66E-03 

20.00 

3.85E-02 

4. 14E-03 

3.29E-02 

2.  96E-03 

25.00 

2.  19E-02 

2.79E-03 

1. 8 IE-02 

1. 93E-03 

30.00 

1.32E-02 

1.92E-03 

1.05E-02 

1. 28E-03 

35.00 

8.27E-03 

1.34E-03 

6.37E-03 

8. 6 IE-04 

40.00 

5.37E-03 

9.45E-04 

3.99E-03 

5. 89E-04 

45.00 

3.57E-03 

6.77E-04 

2.56E-03 

4.08E-04 

50.00 

2.43E-03 

4.90E-04 

1.69E-03 

2. 85E-04 

60.00 

1.18E-03 

2.62E-04 

7.62E-04 

1. 42E-04 

70.00 

6.04E-04 

1.44E-04 

3.64E-04 

7.31E-05 

80.00 

3.21E-04 

8.16E-05 

1.80E-04 

3.86E-05 

90.00 

1.75E-04 

4.71E-05 

9.19E-05 

2.07E-05 

100.00 

9.83E-05 

2.76E-05 

4.82E-05 

1.13E-05 
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TABLE  A2.93 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A*  SPECTRUM  * 4.5000000E  03  NAUTICAL 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

R.T  = 0.0  G/CM2 

R.T  = 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.61E  00 

2. 7 IE-02 

3.00 

1.59E  CO 

2.43E-02 

5.00 

7.74E-01 

1.97E-02 

7.00 

4.51E-01 

1.61E-02 

10.00 

2.  38E-G 1 

1.2  IE-02 

15.00 

1.04E-01 

7.67E-03 

20.00 

5.  28E-02 

5.02E-03 

25.00 

2.95E-02 

3. 37E-03 

30.00 

1.76E-02 

2. 3 IE-03 

35.00 

5 . 09E-02 

1.60E-03 

40.00 

7.03E-03 

1. 13E-03 

45.00 

4. 64E-03 

8.06E-04 

50.00 

3. 14E-03 

5.82E-04 

60.00 

1 • 51E-03 

3. 10E-04 

70.00 

7.67E-04 

1.70E-04 

80.00 

4.05E-04 

9.58E-05 

90.00 

2.20E-04 

5.51E-05 

100.00 

1.23E-04 

3.23E-05 

I 


ES 


DOSE  EQUIVALENT 
RATE 

R,T  = 0,0  G/2M2 

WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.58E  00 
1.55E  00 
7.44E-01 
4.26E-01 
2. 19E-01 
9.20E-02 
4.52E-02 
2.44E-02 
1.40E-02 
8.39E-03 
5. 22E-03 
3.33E-03 
1 8E-03 
9.74E-04 
4.62E-04 
2.285-04 
1.  15E-C4 
6.02E-05 


DOSE  EQUIVALENT 
RATE 

B,T  = 1 5*  0 G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 

2.  19E-02 
1.  95E-02 
1.  56E-02 
1.265-02 
9. 22E-03 
5. 67E-03 

3.  58E-03 
2.32E-03 
1. 53E-03 
1. 03E-03 

7.  0 IE-04 

4.  84E-04 

3.  37E-04 
1.68E-04 

8.  58E-05 

4.  52E-05 
2.42E-05 
1. 32E-05 


l 
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TABLE  A2.94 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OP  V. 

A.  SPECTRUM  = 6. 

OOOOOOOE  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  = 0.0 

DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  » 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R #T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.23E-01 

6. 18E-06 

1. 2 1E-0  1 

4. 952-06 

3.00 

4.85E-02 

4.34E-06 

4.69E-02 

3. 45E-06 

5.00 

1.08E-02 

2.18E-06 

1.02E-02 

1. 70E-06 

7,00 

3.14E-03 

1.12E-06 

2.89E-03 

8.56B-07 

10.00 

6.46E-04 

4.26E-07 

5.77E-04 

3. 17E-07 

15.00 

6.95E-05 

9.30E-08 

5.91E-05 

6.61E-08 

20.00 

9.95E-06 

2. 2 IE-08 

8.06E-06 

1.  50E-08 

25.00 

1.74E-06 

5.63E-09 

1.34E-06 

3.66E-09 

30.00 

3.45E-07 

1.53E-09 

2.55E-07 

9.  53E-10 

35.00 

7.62E-08 

4.36E-10 

5.39E-08 

2.  6 IE- 1 0 

40.00 

1.322-08 

1.3  IE- 10 

1.24E-08 

7.46E-11 

45.00 

4. 72E-09 

4.03E-1 1 

3.05E-09 

2.20E-11 

50.00 

1.29E-09 

1.27E-11 

7.98E-10 

6.65E-12 

60.00 

1.12E-10 

1.34E-12 

6.33E-11 

6.42E-13 

70.00 

1.09E-11 

1.53E-13 

5.68E-12 

6.  72E-14 

80.00 

1.16E-12 

1.92E-14 

5.51E-13 

7.70E-15 

90.00 

1.33E-13 

2.61E-15 

5.81E-14 

9.56E-16 

100.00 

1.68E-14 

3.76E-16 

6.70E-15 

1.25E-16 
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TABLE  A2.95 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OP  V. 

A.  SPECTRUM  * 6. 

0000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  * 0.0 

DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CM2 

R.T  * 15.0  G/CM2 

R.T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REM 

REM 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.37E-01 

8.97E-06 

2.33E-01 

7. 18E-06 

3.00 

8.91E-02 

6.28E-06 

8.62E-02 

4. 93E-06 

5.00 

1.89E-02 

3. 1 4E-06 

1 . 78E-02 

2.  44E-06 

7.00 

5. 29E-03 

1.60E-06 

4.88E-03 

1.22E-06 

10.00 

1.05E-03 

6. 05E-Q7 

9.4  IE-04 

4.50E-07 

15.00 

1. 10E-04 

1.3  IE-07 

9.33E-05 

9.29E-08 

20.00 

1.53E-05 

3.08E-08 

1.24E-05 

2.  09  E-08 

25.00 

2.63E-06 

7.79E-09 

2.04E-06 

5.07E-09 

30.00 

5. 17E-07 

2. 10E-09 

3.82E-07 

1. 31E-09 

35.00 

1.13E-07 

5.99E-10 

7.98E-08 

3.57E-10 

40.00 

2.69E-08 

1.78E- 10 

1.82E-08 

1.  DIE-10 

45.00 

6.88E-09 

5.47E-11 

4.44E-09 

2.98E-11 

50.00 

1. 87E-09 

1.72E-11 

1.15E-09 

8.99E-12 

60.00 

1.60E-10 

1.80E-12 

9.06E-11 

8.63E-13 

70.00 

1.56E-11 

2.05E-13 

8.08E-12 

8.  99  fi-  1 4 

80.00 

1.64E-12 

2.56B-14 

7.78E-13 

1. 02E-14 

90.00 

1.  87 E- 13 

3.46E-15 

8. 15E-14 

1.27E-15 

100.00 

2.35E-14 

4.97E-16 

9.35E-15 

1.65B-16 

TABLE  A2.96 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUH  * 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  Y.  A.  SPECTRUM  * 0.0  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

A BSORBFD  DOSE 

ABSORBED  DOSE 

BATE 

RATE 

RATE 

RATE 

B #T  * 0.0  G/CH2 

R.T  « 15.0  G/CM2 

R,r  * o.o  g/:b2 

R.T  * 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

PAD 

RAD 

PAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAI 

2.00 

5. 4 IE-02 

4.79E-06 

5. 2 IE-02 

3. 81 E- 06 

3.00 

1.80E-02 

2.99E-06 

1.70E-02 

2. 35E-06 

5.00 

3.06E-03 

1.20E-06 

2.81E-03 

9. 18E-07 

7. 00 

7. 14E-04 

4.97E-07 

6.36E-04 

3.  73E-07 

10.00 

1.10E-04 

1.42E-07 

9. 40E-05 

1. 03E-07 

15.00 

7.60E-06 

2.00E-08 

6.1  IE-06 

1. 37E-08 

20.00 

7.52B-07 

3.23E-09 

5.69E-07 

2. 08E-09 

25.00 

9.30E-08 

5.8  IE-  10 

6.63E-08 

3.  54E-10 

30.00 

1.35E-08 

1.13E-10 

9.09E-09 

6.53E-11 

35.00 

2.23E-09 

2.34E-11 

1.42E-09 

1. 28E-1 1 

40.00 

4.09E-10 

5.04E-12 

2.46E-10 

2. 59E-12 

45.00 

8. lOE^II 

1.12E-12 

4.61E-11 

5.  46E-13 

50.00 

1.69E-11 

2.60E-13 

9.08E-12 

1.208-13 

60.00 

8.22E-13 

1.58E-14 

3.95E-13 

6.49E-15 

70.00 

4.69E-14 

1.  1 1E- 15 

2.0  IE- 14 

4. 04E-16 

80.00 

3. 13E-15 

8.57E-17 

1.19E-15 

2.  74E-17 

90.00 

2.34E-16 

7.01E-18 

7.85E-17 

1.97E-18 

100.00 

1.87E-17 

6.09E-19 

5.53E-18 

1.50E-19 

TABLE  A2.97 


PiRtIclBS  SHIELD  HATEBIAL  POLYETHYLENE 

Ji*”0”  °J  !•  *; : 6 • OOOOOOO E 03  NAOtlCAL  BILES 

ANGLE  OF  V.  A*  SPECTRUM  * 0*0  DEGREES 


DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 


BATE 


RATE 


B»T  * 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CH2) 

REH 

PER  1.00  DAY 

2.00 

9.21E-02 

3.00 

2.95E-02 

5.00 

4.79E-03 

7.00 

1.08E-03 

10.00 

1.62E-04 

15.00 

1.09E-05 

20.00 

1.06E-06 

25.00 

1*  29E-07 

30.00 

1. 86E-08 

35.00 

3.  04E-09 

40.00 

5.54E-10 

45.00 

1.09E-10 

50.00 

2.26E-11 

60.00 

1.09E-12 

70.00 

6.19E-14 

80.00 

4.  11E-15 

90.00 

3.05E-16 

100.00 

2.43E-17 

H#T  * 15.0  G/CH2  R#T  * 0.0  G/CM2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REH 

REH 

PER  1.00  DAY 

PER  1.00  DAY 

6.93E-06 

8.89E-02 

4. 3 IE- 06 

2. 79E-02 

1. 7 IE-06 

4.39E-03 

7.07E-07 

9.65B-04 

2.00E-07 

1.39E-04 

2.79E-08 

8.78E-06 

4.45E-09 

8.01E-07 

7.95E-10 

9.22E-08 

1.54E-10 

1.25E-08 

3. 17E-11 

1.93E-09 

6.80E-12 

3.32E-10 

1. 5 IE- 12 

6. 18E-11 

3.48E-13 

1.22E-11 

2.11E-14 

5.25E-13 

1.47E-15 

2.65E-14 

1.13E-16 

1.56E-15 

9.20E-18 

1.02E-16 

7.97E-19 

7. 18E-18 

DOSE  EQUIVALENT 
RATE 

R,T  * 15.0  G/CN2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
5. 51E-06 
3. 38E-06 
1. 31E-06 
5.  29E-07 
1.45E-07 
1. 90E-08 
2. 87E-09 
4. 93E-10 
8. 86E-1 1 
1.72E-11 
3.49E-12 
7. 34E-13 
1.60E-13 
8.60E-15 
5. 32E-16 
3. 60E-17 
2.58E-18 
1. 96E-19 


320 


TABLE  A2.98 


PHOTONS  AS  INCIDENT  PARTICLES 

SHIELD  MATERIAL  COPPER 

ALTITODE  OP 

V. 

A.  SPECTRUM  = 6 

• 0000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  * 0.0 

DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSS 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R.T  * 0.0  G/CH2 

R.T  * 15.0  G/CM2 

R.T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.09  DAY 

2.00 

1.90E-01 

6.84E-06 

1.87E-01 

5.50E-06 

3*00 

8.03E-02 

5.04E-06 

7.84E-02 

4. 02E-06 

5*00 

2.02E-02 

2.77E-06 

1.94E-02 

2.  18E-06 

7.00 

6.46E-03 

1.55E-06 

6.09E-03 

1.20E-06 

10.0C 

1.50E-03 

6.66E-07 

1.38E-03 

5.05S-07 

15.00 

1.95E-04 

1.74E-07 

1.72E-04 

1.27E-07 

20.00 

3.  26E-05 

4.86E-08 

2.78E-05 

3.  44E-08 

25.00 

6.54E-06 

1.44E-08 

5.38E-06 

9.83E-09 

30.00 

1.49E-06 

4.48E-09 

1.18E-06 

2.  96E-09 

35.00 

3.72E-07 

1.46E-09 

2.86E-07 

9.30E-10 

40.00 

1.00E-07 

4.94E-10 

7.43E-08 

3.  04E-10 

45.00 

2.88E-08 

1.72E-1C 

2.06E-08 

1.02E-10 

50.00 

8.76E-09 

6.17E-11 

6.04E-09 

3.  54E-1 1 

60.00 

9.22E-1 0 

8.34E-12 

5.92E-10 

4.47E-12 

70.00 

1. 12E-10 

1.19E-12 

6.72E-11 

5.96E-13 

80.00 

1.49E-11 

1.81E-13 

8.33E-12 

8. 45E-14 

90.00 

2.  10E-12 

2.94E-14 

1.10E-12 

1.28E-14 

100.00 

3.13E-13 

5.10E-15 

1.52E-13 

2.07E-15 
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TABLE  A2.99 


PHOTONS  AS  INCIDENT  PAHTICLES 

SHIELD  HATBRIAL  COPPER 

ALTITUDE  OP  V. 

A.  SPECTBUH  * 6 

. OOOOOOOE  03  NAUTICAL 

RILES 

ANGLE  OF  V*  A* 

SPECTBUH  * 0.0 

DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R#T  * 0.0  G/CR2 

R#T  * 15.0  G/CH2 

H.T  = 0.0  G/CH2 

B.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CR2) 

FEH 

RBH 

HER 

REM 

PEB  1.00  DAT 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2*00 

3. 99E*0 1 

9.94E-06 

3.94E-01 

7.  98E-06 

3.00 

1.61E-01 

7.30E-06 

1.57E-01 

5. 82E-06 

5.00 

3.82E-02 

4.00E-06 

3.67E-02 

3.  14E-06 

7.00 

1.18E-02 

2.23E-06 

1. 11E-02 

1. 73E-06 

10.00 

2.64E-03 

9.50E-07 

2.44E-03 

7.20E-07 

15.00 

3.30E-04 

2.45E-07 

2.93E-04 

1.80E-07 

20.00 

5. 40E-05 

6.82E-08 

4.62E-05 

4.  82E-08 

25.00 

1.06E-05 

2.01E-08 

8.76E-06 

1.37E-08 

30.00 

2.39E-06 

6.  20E-09 

1.90E-06 

4. 09E-09 

35.00 

5.91E-07 

2.01E-09 

4.53E-07 

1.28E-09 

40.00 

1.58E-07 

6.77E-10 

1.1 7E-07 

4.  16E-10 

45.00 

4.49E-08 

2. 35 E- 1C 

3.21E-08 

1. 40E-10 

50.00 

1. 35E-08 

8.4CE-11 

9.33E-09 

4.  81E-1 1 

60.00 

1.41E-09 

1.  13E-11 

9.02E-1C 

6.05E-12 

70.00 

1.69E-10 

1.6TE-12 

1.01E-1C 

8.04E-13 

80.00 

2.23E-11 

2.43E-13 

1.25E-11 

1. 13E-13 

90.00 

3.  13E-12 

3.93E-14 

1.64E-12 

1. 7 IE-1 4 

100.00 

4.65E-13 

6.79E-15 

2.26E-13 

# 

2.75E-15 
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TABLE  A2.100 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTPUH  = 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

RrT  * 0.0  G/CM2 

R.T  » 15.0  G/CM2 

R.T  * 0.0  g/:m2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAT 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

4.32E-02 

2.  17E-06 

4.23E-02 

1.73E-06 

3.00 

1.70E-02 

1.52E-06 

1. 64E-02 

1.21E-06 

5.00 

3.79E-03 

7.65E-07 

3.57E-03 

5.  95S-07 

7.00 

1.10E-03 

3.92E-07 

1.C1E-03 

3.002-07 

10.00 

2.26E-04 

1.49E-07 

2.02E-04 

1.  11E-07 

15.00 

2.44E-05 

3.26E-08 

2.07E-05 

2.32E-08 

20.00 

3.48E-06 

7.73E-09 

2.82E-06 

5.  26E-09 

25.00 

6.08E-07 

1.97E-09 

4.70E-07 

1.28E-09 

30.00 

1.21E-07 

5.36E-10 

8.93E-08 

3. 34E-10 

35.00 

2.67E-08 

1.53E-10 

1.89E-08 

9.  14E-11 

40.00 

6.42E-09 

4.58E-11 

4.34E-09 

2.  6 IE- 1 1 

45.00 

1.65E-09 

1.4  IE-1 1 

1.07E-09 

7.70E-12 

50.00 

4.  52E**  10 

4.45E-12 

2.79E-10 

2.33E-12 

60.00 

3.92E-11 

4.69E-13 

2.22E-11 

2.25E-13 

70.00 

3.83E-12 

5.36E-14 

1.99E-12 

2. 35E-14 

80.00 

4.06E-13 

6.73E-15 

1.93E-13 

2.7CE-15 

90.00 

4.67E-14 

9. 16E-16 

2.03E-14 

3.35E-16 

100.00 

5.90E-15 

1.32E-16 

2.35E-15 

4.39E-17 

TABLE  A2.101 


lttlTODB  OP  » “S  Es  SHinD  "mesial  ALUHINUH 

inrtl  Zl  SP  !*  A*  SPEcrE0"  * 6.  OOOOOOOE  03  NAUTICAL  Nir  vs 
AHGLE  OF  V.  A.  SPECTBUB  • 3.0000000E  01  DEGBEES 


_ w w w w v v V Vij  f i/4»V3aX5Cj 

DOSE  EQUIVALENT  DOSE  EQOIVAtENT  DOSE  EQUIVALENT 


HITE 


HATE 


rat; 


SHIELD 


0*0  G/CH2  R»  T * 15.0  G/CM2 


WITHOUT 


WITHOUT 


DEPTH 

R#  S (G/CH2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ATTENUATION 

REM 

PER  1.00  DAI 
8.30E-02 
3. 12E-02 
6.60E-03 
1.85E-03 
3.69E-04 
3. 8 SB- 05 

5.  37E-06 
9.23E-07 
1.  81E-07 
3. 96E-08 
9. 42E-09 
2.41E-09 
6. 54 E-10 
5.61E-1 1 
5.45E-12 
5. 74E^  1 3 

6.  56 E-  14 
8.24E-15 


ATTENUATION 

REM 

PER  1.00  DAY 
3. 14E-06 
2. 20E-06 
1. 10E-06 
5.6  IE-07 
2. 12E-07 
4.58E-08 
1.08E-08 
2. 73E-09 
7.37E-10 
2. 10E-10 
6.24E-11 
1.92E-11 
6.03E-12 
6.32E-13 
7.19E-14 
8. 96 E- 15 
1.2  IE-  15 
1.74E-16 


B#T  = 0.0  G/:M2 

WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
8. 14E-02 
3. 02E-02 
6.24E-03 
1.71E-03 
3. 30E-04 
3.27E-05 
4. 35E-06 
7. 14E-07 
1 ♦ 34E-07 
2 • 80E-08 
6 • 37E-09 
1.56E-09 
4.04E-10 
3. 17E-11 
2. 83E-1 2 
2.73E-13 
2.86E-14 
3.28E-15 


DOSE  EQUIVALENT 
RATE 

B#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2. 5 IE-06 
1. 74E-06 
8. 56E-07 
4. 29E-07 
1. 58E-07 
3. 26E-08 
7. 33E-09 
t. 77E-09 
4.  58E-10 
1. 25E-10 
3.  55E-11 
1. 04E- 1 1 
3.  15E-12 
3. 02E-13 

3.  15E-14 
3.59E-15 

4.  44E-16 

5.  79E-17 
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TABLE  A2.102 


PROTONS  AS  INCIDENT  PABTICLES  SHIELD  HATEBIAL  POLYETHYLENE 
ALTITUDE  OP  V.  A*  SPECTBUH  * 6. 0000000 E 03  NAUTICAL  BILES 
ANGIE  OP  Y.  A*  SPECTBUH  * 3.0000000E  01  DEGBEES 


ABSOBBED  DOSE 
BATE 


B#T  * 0.0  G/CH2 


SHIELD 

HITHOUT 

DEPTH 

ATTENUATION 

B,S  (G/CH2) 

BAD 

PEB  1.00  DAY 

2.00 

1.89E-02 

3.00 

6.30E-03 

5.00 

1.07E-03 

7.00 

2. 50E-04 

10.00 

3.85E-05 

15.00 

2. 66E-06 

20.00 

2.63E-07 

25.00 

3. 26E-08 

30.00 

4.72E-09 

35.00 

7.82E-10 

40.00 

1.43E-10 

45.00 

2.84E-11 

50.00 

5.91E-12 

60.00 

2.88E-13 

70.00 

1.64E-14 

80.00 

1.  10E-15 

90.00 

8.19E-17 

100.00 

6.55E-18 

ABSOBBED  DOSE 

ABSOBBED  DOSE 

BATE 

RATE 

T * 15.0  G/CH2 

R#T  = 0.0  G/ZH 

HITHOUT 

HITH 

ATTENUATION 

ATTENUATION 

BAD 

RAD 

PEB  1.00  DAY 

PER  1.00  DAY 

1.68E-06 

1.82E-02 

1.05E-06 

5.96E-03 

4.19E-07 

9.84E-04 

1.74E-07 

2.23E-04 

4.97E-08 

3.29E-05 

7.0  IE-09 

2.14E-06 

1.13E-09 

1.99E-07 

2.03E- 10 

2.32E-08 

3.97E-11 

3. 18E-09 

8.20E-12 

4.98E-10 

1.76E-12 

8.62E-11 

3.93E-13 

1.61E-1 1 

9.10E-14 

3. 18E-12 

5.55E-15 

1.38E-13 

3.  9 IE-16 

7.04E-15 

3.00E-17 

4.17E-16 

2.46E-18 

2.75E-17 

2. 13E-19 

1.94E-18 

ABSOBBED  DOSE 
HATE 

R#T  = 15.0  G/CB2 
WITH 

ATTENUATION 

RAD 

PEB  1.00  DAY 
1.34E-06 
8.22E-07 
3.22E-07 
1. 30E-07 
3.60E-08 
4.78E-09 
7.29E-10 
1.24E-10 
2.29E-11 
4.47E-12 
9.08E-13 
1.  9 IE- 13 
4. 19E-14 
2.27E-15 
1.41E-16 
9. 59E-18 
6. 90E-19 
5.26E-20 


TABLE  A2.103 


??2?2JIn*An»I!CI?B,,T  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 

!•  **  SPECTBOH  » 6. 0000000 E 03  NAUTICAL  MILES 

ANGLE  OP  V.  A.  SPECTB0H  * 3.0000000E  01  DEGHEES 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


BATE 


BATE 


BATE 


R #T  * 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

fl.S  (6/CH21 

HEM 

PEB  1.C0  DAY 

2.00 

3. 23E-02 

3.00 

1.03E-02 

5.00 

1.68E-03 

7.00 

3. 79E-04 

10.00 

5.69E-05 

15.00 

3.83E-06 

20.00 

3.72E-07 

25.00 

4.53E-08 

30.00 

6.50E-09 

35.00 

1.06E-09 

40.00 

1.94E-10 

45.00 

3.81E-11 

50.00 

7. 93E-12 

60.00 

3.83E-13 

70.00 

2.17E-14 

80.00 

1.44E-15 

90.00 

1.07E-16 

100.00 

8.52E-18 

B#T  * 15.0  G/CM2  B#T  * 0.0  G/CM2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PEB  1.00  DAY 

PER  1.00  DAY 

2.43E-06 

3.  1 1E-02 

1. 5 IE- 06 

9.78E-03 

6.00E-07 

1 . 54E-03 

2.48E-07 

3.38E-04 

7.00E-08 

4.87E-05 

9.77E-09 

3.07E-06 

1.56E-09 

2.81E-07 

2.78E-10 

3.23E-08 

S.40E-11 

4.37E-09 

1.1  IE- 1 1 

6.77E-10 

2. 38E-12 

1. 16E-10 

5.29E-13 

2. 17E-11 

1.22E-13 

4.26E-12 

7.38E-15 

1.84E-13 

5. 16E-16 

9.27E-15 

3.95E-17 

5. 47E-1 6 

3.  22 E- 18 

3.59E-17 

2.79E-19 

2.52E-18 

DOSE  EQUIVALENT 
RATE 

B#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1. 93E-06 
1. 18E-06 
4. 60E-07 
1. 85E-07 
5. 07E-08 
6. 65E-09 
1.00E-09 

1.  69E-10 
3.  1 0B- 1 1 
6. 04E-12 
1.22E-12 

2.  57E-13 
5.60E-14 
3.02E-15 
1. 87E-16 
1. 26E-17 
9.05E-19 
6. 87E-20 
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TABLE  A2.104 


??2r2nnT,ALINCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 

?f?  !•  A#  SPECTB0M  * 6.0000000E  03  NAUTICAL  MILES 

ANGLE  OF  ?.  A.  SPECTRUM  = 3.0000000E  01  DEGREES 


ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


RATE 


R#T  « 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CH2) 

RAD 

PER  1.00  DAY 

2.00 

6.65E-02 

3.00 

2. 81E-02 

5.00 

7.08E-03 

7.00 

2.26E-03 

10.00 

5.26E-04 

15.00 

6. 81E-05 

20.00 

1. 14E^05 

25.00 

2. 29E-06 

30.00 

5.  22E-07 

35.00 

1.30E-07 

40.00 

3.52E-08 

45.00 

1.01E-08 

50.00 

3.07E-09 

60.00 

3.23E-10 

70.00 

3.  92E-1 1 

SO. 00 

5. 2 11' 12 

90.00 

7. 35is-13 

100.00 

1.10E-13 

RATE 

RATE 

R#T  * 15.0  G/CM2 

R#T  = 0.0  G/CfS 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

2.40E-06 

6.56E-02 

1.76E-06 

2.75E-02 

9.72E-07 

6.79E-03 

5.43E-07 

2. 13E-03 

2.33E-07 

4.84E-04 

6.08E-08 

6. 04E-05 

1.70E-08 

9.75E-06 

5.04E-09 

1.88E-06 

1 • 57E-09 

4. 14E-07 

5. 11E-10 

1.00E-07 

1.73E- 10 

2 • 60E-08 

6.04E-11 

7.22E-09 

2. 16E-11 

2.12E-09 

2.92E-12 

2.07E-10 

4. 18E-13 

2.35E-11 

6.34E-14 

2.92E-12 

1.03E-14 

3.84E-13 

1.79E-15 

5.33E-14 

ABSORBED  DOSE 
RATE 

R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

PER  1.00  DAT 
1.93E-06 
1. 41E-06 
7.  64E-07 
4. 21E-07 
1. 77E-07 
4.46E-08 
1.  21E-08 
3.44E-09 
1. 03E-09 
3.26E-10 
1.  06E-10 
3.59E-11 
1.24E-11 
1.56E-12 
2. 09E-13 
2.96E-14 
4.50E-15 
7.27E-16 
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TABLE  A2.105 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OF  V.  A.  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A*  SPECTRUM  * 3.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R#T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R#  S (G/CM2) 

REM 

PER  1.00  DAY 

2.00 

1.40E-01 

3.00 

5. 62 E- 02 

5.00 

1.34E-02 

7.00 

4.13E-03 

10.00 

9.25E-04 

15.00 

1.16E-04 

20.00 

1.89E-05 

25.00 

3.72E-06 

30.00 

8.  37E-07 

35.00 

2 • 07E-07 

40.00 

5.52E-08 

45.00 

1.57E-08 

50.00 

4.74E-09 

60.00 

4.92E-10 

70.00 

5. 92E-1 1 

80.00 

7.82E-12 

90.00 

1.  10E-12 

100.00 

1.63E-13 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R #T  = 0.0  g/:m 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

3.48E-06 

1. 38E-01 

2.56E-06 

5. 5 IE-02 

1.40E-06 

1.29E-02 

7 . 80E~07 

3.90E-03 

3.33E-07 

8.53E-04 

8.59E-08 

1.03E-04 

2.39E-08 

1.62E-05 

7.02E-09 

3.07E-06 

2. 17E-09 

6.65E-07 

7. 03 E- 10 

1.59E-07 

2.37E-10 

4.09E-08 

8.24E-11 

1. 12E-08 

2.94E-11 

3.27E-09 

3. 96 E- 12 

3.  16E-10 

5.64E-  13 

3. 55E- 1 1 

8.52E-14 

4.38E-12 

1.38E-14 

5.73E-13 

2.38E-15 

7.9  IE-14 

DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
2.  80E-06 
2. 04E-06 
1.  10E-06 
6. 04E-07 
2. 52E-07 
6.  29E-06 
1.  69E-08 
4. 79E-09 
1. 43E-09 
4. 48E-10 
1.  46E-10 
4.89E-11 
1. 69E-1 1 
2. 12E-12 
2. 81E-13 
3. 97E-14 
6. 00E-15 
9.65E-16 
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TABLE  A2.106 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OP 

V. 

A.  SPECTRUM  = 6. 

0000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 6.0000000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  * 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

L,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAI 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAI 

2.00 

2.34E-02 

1.17E-06 

2.29E-02 

9. 40E-07 

3.00 

9.21E-03 

8.25E-07 

8.90E-03 

6. 54E-07 

5.00 

2.05E-03 

4. 15E-07 

1.94E-03 

3.  23E-07 

7.00 

5.96E-04 

2.13E-07 

5.49E-04 

1 • 62E-07 

10.00 

1.23E-04 

8.09E-08 

1.10E-04 

6. 02E-08 

15.00 

1.32E-05 

1.77E-08 

1. 12E-C5 

1.26E-03 

20.00 

1.89E-06 

4. 19E-09 

1.53E-06 

2. 85E-09 

25.00 

3.30E-07 

1.07E-09 

2.55E-07 

6.95E-10 

30.00 

6.55E-08 

2.90E-1Q 

4.84E-08 

1. 81E-10 

35.00 

1.45E-08 

8.32E-11 

1.02E-08 

4. 95E-  1 1 

40.00 

3. 48E-09 

2.48E-11 

2.35E-09 

1.  42E-1 1 

45.00 

8.96E-10 

7.65E-12 

5.79E-10 

4. 18E-12 

50.00 

2.45E-10 

2. 4 IE- 12 

1.52E-10 

1. 26E-12 

60.00 

2.12E-11 

2.54E-13 

1.20E-11 

1. 222-13 

70.00 

2.08E-12 

2*9  IE-  14 

1.08E-12 

1.  28E-14 

80.00 

2.20E-13 

3. 65E- 15 

1.05E-13 

1. 46E-15 

90.00 

2.53E-14 

4.97E-16 

1.  10E-14 

1.  82E-16 

100.00 

3.20E-15 

7. 15E-17 

1.27E-15 

2. 38E-17 

TABLE  A2.107 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OP  V.  A*  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 


ANGLE  OF  V. 

A.  SPECTRUM  - 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

BATE 

RATE 

RATE 

R.T  * 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R,T  = 0.0  G/0M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

* 


R#S  (G/CM2)  HEM  REM  BEM  REM 

PER  1.00  DAY  PER  1.00  DAY  PER  1.00  DAY  PER  1.30  DAY 

2.00  4.50E-02  1.70E-06  4.42E-02  1.36E-06 

3.00  1.69E-02  1.19E-06  1.64E-02  9.46E-07 

5*00  3.58E-03  5.96E-07  3.38E-03  4.64E-07 

7.00  1.00E-03  3.04E-07  9.27E-04  2.32E-07 

10.00  2.00E-04  1.15E-07  1.79E-04  8.  54E-08 

15.00  2.08E-05  2.48E-08  1.77E-05  1.76E-08 

20.00  2.91E-06  5.85E-09  2.36E-06  3.97E-09 

25.00  5.00E-07  1.48E-09  3.87E-07  9.62E-10 

30.00  9.82E-08  3.99E-10  7.25E-08  2.49E-10 

35.00  2.15E-08  1.14E-10  1.52E-08  6.77E-11 

40.00  5. 1 IE-09  3.38E-11  3.45E-09  1.93E-11 

45.00  1.31E-09  1.04E-11  8.43E-10  5.66E-12 

50.00  3.54E-10  3.27E-12  2.19E-10  1.71E-12 

60.00  3.04E-11  3.43E-13  1.72E-11  1.64E-13 

70.00  2.96E-12  3.90E-14  1.53E-12  1.71E-14 

80.00  3.11E-13  4.86E-15  1.48E-13  1.95E-15 

80.00  3.56E-14  6.58E-16  1.55E-14  2.41E-16 

100.00  4.47E-15  9.45E-17  1.78E-15  3. 14E-17 
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TABLE  A2.108 


PHOTONS  AS  INCIDENT  PAHTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V,  A*  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 
ANGL*  OF  V*  A.  SPECTRUM  * 6.0000000E  01  DEGREES 

A ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


SHIELD 

DEPTH 

R.S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RATE 


RATE 


RATE 


ABSORBED  DOSE 


RATE 


R,T  = 0.0  G/CM2  R,T  = 15.0  G/CM2  R.T  - 0.0  G/CN2  R.T  = 15.0  G/CM2 


WITHOUT 

ATTENUATION 

RAD 

PER  1.00  DAY 
1.03E-02 
3.42E-03 
5. 82E*04 
1.  36E-04 
2.09E-05 
1.44E-06 
1.43E-07 
1.77E-C8 
2. 56E-09 
4.24E-10 
7.77E-11 
1.54E-11 
3.21E-12 
1.  56 E-  13 
8.90E-15 
5.96E-16 
4.44E-17 
3.  55E-18 


WITHOUT 

ATTENUATION 

PAD 

PER  1.00  DAY 
9.10E-07 
5.67E-07 
2.27E-07 
9.44E-08 
2.69E-08 
3.80E-09 
6. 13E-10 

1.  10E-10 
2. 15E-11 
4.45E-12 
9.57E-13 
2.1 3E-  13 
4.94E-14 
3.01E-15 

2.  12E-16 
1.63E-17 
1 . 33E-18 
1. 16E-19 


WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
9.89E-03 
3.23E-03 
5.34E-04 
1.2  IE-04 
1.79E-05 
1. 16E-06 
1.08E-07 
1.26E-08 

1.7  j F,  - 0 9 

2.7  GE*  10 
4.67E-11 
8.74E-12 
1.72E-12 
7 • 5 IE- 1 4 
3.82E-15 
2.26E-16 
1.49E-17 
1.05E-18 


WITH 

ATTENUATION 

RAD 

PER  1.00  DAY 
7. 24E-07 
4.  '16E-07 
1. 74E-07 
7. 07E-08 
1. 95E-08 
2. 59E-09 
3. 95E-1C 
6. 72E- 1 1 
1 • 24E- 1 1 
2. 42E-12 
4. 92E-13 
1. D4E-13 
2.27E-14 
1.23E-15 
7. 67E- 1 7 
5. 20E-18 
3.74E-19 
2. 85E-20 


TABLE  A2.109 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OP  V.  A*  SPECTRUH  * 6. 0000000 E 03  NAUTICAL  MILES 
AN6L2  OP  V.  A.  SPECTRUM  * 6.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
RATE 


R.T  * O.C  G/CM2 


SHIELD 

HITHOUT 

DEPTH 

ATTENUATION 

R,S  (G/CM2) 

REM 

PER  1.00  DAY 

2*00 

1.75E-02 

3.00 

5.60E-03 

5*00 

9.09E-04 

7.00 

2.06E-04 

10.00 

3.09E-05 

15.00 

2.  07E-06 

20.00 

2.02E-07 

25.00 

2.  46E-08 

30.00 

3.52E-09 

35.00 

5.77E-1G 

40.00 

1.05E-10 

45.00 

2.07E-11 

50.00 

4.30E-12 

60.00 

2.08E-13 

70.00 

1.18E-14 

80.00 

7.81E-16 

90.00 

5.80E-17 

100.00 

4.62E-18 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T * 15.0  G/CM2 

R.T  * 0.0  G/CM 

HITHOUT 

HITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

1.32E-06 

1.69E-02 

8.  18E-07 

5.30E-03 

3.25E-07 

8. 34E-04 

1.34E-07 

1.83E-04 

3.80E-08 

2.64E-05 

5.30E-09 

1.67E-06 

8.45E-10 

1«  52E-07 

1.51E-10 

1.75E-08 

2.93E-1 1 

2.37E-09 

6.02E-12 

3.67E-1 0 

1.29E-12 

6.  3 IE-1 1 

2.87E-13 

1.17E-11 

6.6  IS- 14 

2.31E-12 

4.00E-15 

9.97E-14 

2.80E-16 

5.03E-15 

2.  14E-17 

2.96E-16 

1.75E-18 

1.94E-17 

1. 5 IE- 1 9 

1.36E-18 

DOSE  EQUIVALENT 
RATE 

R#T  « 15*0  G/CM2 
HITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1. 05E-06 
6.42E-07 
2.49E-07 
1.  00E-07 
2.75E-08 
3.61E-09 
5.44S-10 
9.  18E-11 
1.68E-11 
3.  28E-12 
6.  63E-13 
1.39E-13 
3.04E-14 
1.64E-15 
1.01E-16 
6. 84E- 1 8 
4. 9 IE- 19 
3.  72E-20 
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TABLE  A2.110 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPE 
ALTITUDE  OF  V,  A.  SPECTRUM  = 6.0000000E  03  NAUTICAL 
ANGLE  OF  V.  A,  SPECTRUM  * 6.0000000E  01  DEGREES 

ABSORBED  DOSE  ABSORBED  DDSE 


r:te 

RATE 

F.T  * 0.0  G/CM2 

B#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

3.615-02 

1.30E-06 

3.00 

1.52E-02 

9.57E-07 

5.00 

3.84E-03 

5.27E-07 

7.00 

1.23E-C3 

2.94E-07 

10.00 

2.85E-04 

1.26E-07 

15.00 

3.69E-05 

3.30E-08 

20.00 

6.  19E-06 

9.23E-09 

25.00 

1.24E-06 

2.73E-09 

30.00 

2.83E-07 

8.50E-10 

35.00 

7.07E-08 

2.77E-10 

40.00 

1.91E-08 

9.37E-11 

45.00 

5.48E-09 

3.27E-11 

50.00 

1.66E-09 

1.17E-11 

60.00 

1.75E-10 

1.58E-12 

70.00 

2.  13E-11 

2.27E-13 

80.00 

2. 832-12 

3.44E-14 

90.00 

3.992-13 

5.60E-15 

100.00 

5.95E-14 

9. 7 IE- 16 

MILES 


ABSORBED  DOSS  ABSORBED  DOSE 


;• 

* 

i 

* 

I 

« 

» 

i 


i 


RATE 


RATE 


R,T  = 0.0  G/CM2  R,T  = 15.0  G/CM2 

WITH  WITH 


ATTENUATION 

RAD 

PER  1.00  DAI 
3.56E-02 
1.49E-02 
3.68E-03 
1. 16E-03 
2.62E-04 
3.27E-05 
5.29E-06 
1.02E-06 
2.25E-07 
5.425-08 
1.41E-08 
3.91E-09 
1.1 5E-09 
1.  12B-10 
1.28E-11 
1.585-12 
2.085-13 
2.89E-14 


ATTENUATION 

RAD 

PER  1.00  DAY 
1. 045-06 
7. 64E-07 
4.  14E-07 
2.28E-07 
9.  595-08 
2.42E-08 
6. 535-09 
1.875-09 
5. 61E-10 
1.77E-10 
5.77E-11 
1.94E-11 
6. 72E-12 
8. 48E-13 
1. 13E-13 
1.61E-14 
2.44E-15 
3. 942-16 


t 


* 

t 


i 

! 

? 

I 

! 

i 

f 

!! 

i 


! 


TABLE  A2 . Ill 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITUDE  OP  V.  A.  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  * 6.0000000E  01  DEGREES 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 
®*te  bate  rate 


R,T  = 0.0  G/CH2 


SHIELD 

NITHOUT 

DEPTH 

ATTENUATION 

R#  S (G/CH2) 

REM 

PER  1.00  DAY 

2.00 

7. 57E-02 

3.00 

3.05E-02 

5.00 

7.25E-03 

7.00 

2.24E-03 

10.00 

5.02E-04 

15.00 

6.27E-05 

20.00 

1.03E-05 

25.00 

2.02E-06 

30.00 

4.54E-07 

35.00 

1.12E-07 

40.00 

2.99E-08 

45.00 

8.52E-09 

50.00 

2.  57E-09 

60.00 

2.67E-10 

70.00 

3.21E-11 

80.00 

4.24E-12 

90.00 

5.95E-13 

100.00 

8.83E-14 

R#T  * 15.0  G/CM2  R,T  = 0.0  G/CM2 


NITHOUT 

NITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

1.89E-06 

7. 49E-02 

1.39E-06 

2.98E-02 

7.59E-07 

6.97E-03 

4.23E-07 

2. 12E-03 

1.80E-07 

4.62E-04 

4.66E-08 

5.56E-05 

1.29E-08 

8.77E-06 

3.8  IE-09 

1.66E-06 

1. 18E-09 

3. 6 IE-07 

3. 8 IE-10 

8.60E-08 

1.28E-10 

2.22E-08 

4.47E-11 

6.09E-09 

1.59E-11 

1.77E-09 

2. 15E-12 

1.7  IE-10 

3.06E-13 

1. 925-11 

4.62E-14 

2.37E-12 

7.48E-15 

3. 1 1E-13 

1.29E-15 

4.29E-14 

DOSE  EQUIVALENT 
RATE 

R#T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAI 
1. 52E-06 
1. 11E-06 
5.  97E-07 
3.28E-07 
1.375-07 
3.41  E-  08 
9. 16E-09 
2. 603-09 
7. 76E-10 
2. 435-10 
7. 905-11 
2. 65E- 1 1 
9. 14E-12 
1. 15E-12 
1. 53E-13 
2.  15E-14 
3.25E-15 
5. 24E-16 


TABLE  A2.112 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


ALTITUDE  OP  V, 

A.  SPECTRUM  = 6. 

OOOOOOOE  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A* 

SPECTRUM  = 9.0000000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSS 

ABSORBED  DOSE 

BATE 

RATE 

RATE 

PATE 

R.T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

R,T  - 0.0  G/2M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.92E-02 

9.60E-07 

1.88E-02 

7.  69E-07 

3.00 

7.53E-03 

6.75E-07 

7.28E-03 

5. 35E-07 

5.00 

1.68E-03 

3.39E-07 

1.58E-03 

2.  64E-07 

7.00 

4.87E-04 

1.74E-07 

4. 49E-04 

1.33E-07 

10.00 

1.00E-04 

6.62E-08 

8.96E-05 

4. 92E-08 

15.00 

1.08E-05 

1.44E-08 

9. 17E-06 

1. 03E-08 

20.00 

1.54E-06 

3.43E-09 

1.25E-06 

2.  33E-09 

25.00 

2.70E-07 

8.74E-10 

2.08E-07 

5. 69E-10 

30.00 

5.36E-08 

2.38E-10 

3.96E-08 

1.  48E-10 

35.00 

1. 18E-08 

6.80E-11 

8.36E-09 

4.05E-11 

40.00 

2. 84E-09 

2.03E-11 

1.92E-09 

1. 16E-1 1 

45.00 

7.33E-10 

6.26E-12 

4.74E-10 

3.42E-12 

50.00 

2.0CE-10 

1.97E-12 

1.24E-10 

1. 03E-12 

60.00 

1.74E-11 

2.08E-13 

9.83E-12 

9. 96E-14 

70.00 

1.70E-12 

2.38E-14 

8.82E-13 

1. 04E-14 

80.00 

1.80E-13 

2. 99 E- 15 

8.55E-14 

1.20E-15 

90.00 

2.07E-14 

4.06E-16 

9.02E-15 

1. 49E-16 

100.00 

2.62E-15 

5.85E-17 

1.04E-15 

1. 95E-17 

TABLE  A2.113 


PHOTONS  AS  INCIDENT  PAPTICLES  SHIELD  MATERIAL  ALUMINUM 
ALTITUDE  OF  V.  A.  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


DOSE  EQUIVALENT 
PATE 


R,T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

g 7?  m 

PER  1.00  DAY 

2.00 

3.68E-02 

3.00 

1.38E-02 

5.00 

2.93E-03 

7.00 

8. 2 IE-04 

10.00 

1. 64 E- 04 

15.00 

1.70E-05 

20.00 

2. 38E-06 

25.00 

4.09E-07 

30.00 

8.03E-03 

35.00 

1.75E-08 

40.00 

4.  18E-09 

45.00 

1.07E-09 

50.00 

2.90E-10 

60.00 

2.49E-11 

70.00 

2.  42E-12 

80.00 

2.54E-13 

90.00 

2.  9 IE- 14 

100.00 

3.66E-15 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


RATE 

RATE 

T = 15.0  G/CM2 

R,T  = 0.0  G/IM 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

1.39E-06 

3. 6 IE-02 

9.76E-07 

1.34E-02 

4.88E-07 

2.77E-03 

2.49E-07 

7.58E-04 

9.40E-08 

1.46E-04 

2.03E-08 

1.45E-05 

4.78E-09 

1.93E-06 

1.21E-09 

3. 16E-07 

3r  27E- 10 

5.93E-08 

9.31E-11 

1.24E-08 

2.77E-11 

2.82E-09 

8.50E-12 

6.90E-10 

2.67E-12 

1.79E-10 

2.80E-13 

1.41E-11 

3. 19E-14 

1.25E-12 

3.98E-15 

1.21E-13 

5.39E-16 

1.27E-14 

7.73E-17 

1.45E-15 

DOSE  EQUIVALENT 
RATE 

R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1.  1 1E-06 
7.73E-07 
3. 79E-07 
1. 90E-07 
6. 99E-08 
1. 44E-08 
3. 25E-09 
7. 87E-10 
2. 03E-10 
5. 54E-1 1 
1. 58E-11 
4. 63E-12 
1. 40E-12 
1. 34E-13 
1.  40E-14 
1 • 59E- 1 5 
1.97E-16 
2.57E-17 


TABLE  A2.114 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
ALTITUDE  OF  V.  A.  SPECTRUM  = 6.0000000E  03  NAUTICAL  MILES 
ANGLE  OF  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R ,T  = 0.0  G/CM2 

B,T  = 15.0  G/CM2 

R.I  = 0.0  G/:M2 

R,T  = 15.0  G/2M 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PEE  1.00  DAY 

PER  1.00  DAY 

2.00 

8.40E-03 

7.44E-C7 

8.09E-03 

5. 92E-07 

3.00 

2. 79E-03 

4.64E-07 

2. 64E-03 

3. 65E-07 

5.00 

4.76E-04 

1.86E-07 

4.36E-04 

1.43E-07 

7.00 

1.  1 1E-0  4 

7.72E-08 

9.88E-05 

5.  78E-08 

10.00 

1.71E-05 

2.20E-08 

1.46E-05 

1. 60E-08 

15.00 

1.  18E-06 

3.1  IE-09 

9.49E-07 

2. 12E-09 

20.00 

1.17E-07 

5. 0 IE- 10 

8.83E-08 

3. 23E-10 

25.00 

1. 44E-08 

9.02E-11 

1.03E-08 

5.  49E-1 1 

30.00 

2.09E-09 

1.76E-11 

1.4  IE-09 

1.01E-11 

35.00 

3.47E-10 

3.64E-12 

2. 2 IE-10 

1.  98E-12 

40.00 

6.36E-11 

7.82E-13 

3.82E-11 

4. 03E-13 

45.00 

1.  26E-11 

1.74E-13 

7. 15E-12 

8.  48E-14 

50.00 

2.62E-12 

4.04E-14 

1.4  IE-12 

1.86E-14 

60.00 

1. 28 E- 13 

2.46E-15 

6. 14E-14 

1.012-15 

70.00 

7.28E-15 

1.73E-16 

3. 12E-15 

6.27E-17 

80.00 

4. 87E-16 

1.33E-17 

1.85E-16 

4.  25E-18 

90.00 

3.63E-1? 

1.09E-18 

1.22E-17 

3.06E-19 

100.00 

2.90E-18 

9.46E-20 

8.58E-19 

2.33E-20 

TABLE  A2.115 


PROTONS  IS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


ALTITUDE  OF 

V. 

A.  SPECTRUM  = 6. 

0000000 E 03  NAUTICAL 

MILES 

ANGLE  OF  V. 

A. 

SPECTRUM  = 9.0000000E  01  DEGREES 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

RATE 

RATE 

RATE 

RATE 

R #T  = 0.0  G/CM2 

R.T  * 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

P.EM 

REM 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

1.43E-02 

1.08E-06 

1.38E-02 

8.56E-07 

3.00 

4.58E-03 

6.69E-07 

4.34E-03 

5. 25E-07 

5.00 

7.43E-04 

2.66E-07 

6.82E-04 

2. 04E-07 

7.00 

1.68E-04 

1. 10E-07 

1.50E-04 

8.  22E-08 

10.00 

2.52E-05 

3.10E-08 

2.  16E-05 

2.25E-08 

15.00 

1.70E-06 

4.33E-09 

1.36E-06 

2.  95E-09 

20.00 

1.65E-07 

6. 9 IE- 10 

1.24E-07 

4. 45E-10 

25.00 

2.01E-08 

1.23E-10 

1.43E-08 

7.  50E-1  1 

30.00 

2.88E-09 

2.39E-1 1 

1.94E-09 

1. 38E-1 1 

35.00 

4.72E-10 

4.93E-12 

3.00E-10 

2.  68E-12 

40.00 

8.60E-11 

1.06E-12 

5. 16E-1 1 

5.42E-13 

45.00 

1.69E-11 

2.34E-13 

9.60E-12 

1. 14E-13 

50.00 

3.51E-12 

5. 4 IE- 14 

1.89E-12 

2.49E-14 

60.00 

1. 70 E- 13 

3.27E-15 

8. 16E-14 

1. 34E-15 

70.00 

9.61E-15 

2. 29 E- 16 

4. 11E-15 

8.27E-17 

80.00 

6. 39E-16 

1.75E-17 

2.42E-16 

5. 59E-18 

90.00 

4.74E-17 

1.43E-18 

1.59E-17 

4. 01E-19 

100.00 

3.78E-18 

1.24E-19 

1. 12E-18 

3. 05E-20 
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TABLE  A2.116 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 


ALTITUDE  OF  V. 

A.  SPECTRUM  = 6. 

0000000E  03  NAUTICAL 

MILES 

ANGLE  OF  V.  A. 

SPECTRUM  = 9.0000000E  01  DEGREES 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

RATE 

RATE 

RATE 

RATE 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0„C  G/CM2 

B,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

PER  1.00  DAY 

2.00 

2.95E-02 

1.06E-06 

2. 9 IE-02 

8.  54E-07 

3.00 

1.25E-02 

7.82E-07 

1.22E-02 

6.25E-07 

5.00 

3.  14E-03 

4. 3 IE-07 

3.01E-03 

3. 39E-07 

7.00 

1.00E-03 

2.41E-07 

9.46E-04 

1.87E-07 

10.00 

2. 33E-04 

1.03E-07 

2.15E-04 

7. 84E-08 

15.00 

3.02E-05 

2.70E-08 

2.68E-05 

1. 98E-C8 

20.00 

5.06E-06 

7.55E-09 

4.32E-06 

5.  3'!E-09 

25.00 

1.01E-06 

2.23E-09 

8.36E-07 

1.53E-09 

30.00 

2.  31E-07 

6.95E-10 

1.84E-07 

4. 59E-10 

35.00 

5.78E-08 

2.26E-10 

4.43E-08 

1. 44E-10 

40.00 

1.56E-08 

7.67E-11 

1.15E-08 

4.  72S-1 1 

45.00 

4.48E-09 

2.68E-11 

3.20E-09 

1.59E-11 

50.00 

1.36E-09 

9.58E-12 

9.38E-10 

5.50E-12 

60.00 

1.43E-10 

1.29E-12 

9.20E-11 

6«  94E- 1 3 

70.00 

1.74E-11 

1.85E-13 

1.04E-11 

9.  26E-14 

80.00 

2.31E-12 

2.81E-14 

1.29E-12 

1.31E-14 

90.00 

3.26E-13 

4.58E-15 

1.70E-13 

2.00E-15 

100.00 

4. 86E-14 

7.94E-16 

2.36E-14 

3.23E-16 
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TABLE  A2.117 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
ALTITODE  OP  V.  A.  SPECTRUM  = 6.00000C0E  03  NAUTICAL  MILES 
ANGLE  OP  V.  A.  SPECTRUM  = 9.0000000E  01  DEGREES 


SHIELD 

DEPTH 

R,S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


DOSE  EQUIVALENT 
RATE 

R.T  = 0.0  G/CM2 

WITHOUT 
ATTENUATION 
REM 

PER  1.00  DAY 
6. 19E-02 
2.49E-02 
5.93E-03 
1 • 83E-03 
4. 10E-04 
5. 13E-05 
8.  39E-06 
1.65P-06 
3.71E-07 
9.17E-08 
2.  45E-08 
6.97E-09 
2.  10E-09 
2. 18E-10 
2.  62E-11 
3.47E-12 
4.87E-13 
7.22E-14 


DOSE  EQUIVALENT 
RATE 

R#T  = 15.0  G/CM2 
WITHOUT 
ATTENUATION 
REM 

PER  1.00  DAY 
1.54E-06 
1. 13E-06 
6.2  IE-07 
3.46E-07 
1.47E-07 
3.8  IE-08 
1.06E-08 
3.1  IE-09 
9.63E-10 
3. 12E-10 
1.05E-10 
3.65E-11 
1.30E-11 
1.76E-12 
2.50E-13 
3.78E-14 
6. 1 1E-  15 
1.06E-15 


DOSE  EQUIVALENT 
RATE 

R.T  = 0.0  G/CM2 

WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
6. 12E-02 
2.44E-02 
5.70E-03 
1.73E-03 
3.78E-04 
4.55E-05 
7. 17E-06 
1.36E-06 
2.95E-07 
7.03E-08 
1.81E-08 
4.98E-09 
1.45E-09 
1.40E-10 
1.57E-11 
1.94E-12 
2.54E-13 
3. 5 IE- 1 4 


DOSE  EQUIVALENT 
RATE 

R.T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

PER  1.00  DAY 
1. 24E-06 
9. 04E-07 
4.  88E-07 
2. 68E-07 
1. 12E-07 
2. 79E-08 
7.  49E-09 
2.  12E-09 
6. 35E-10 
1. 99E-1C 
6.  46E-1 1 
2.  17E-1 1 
7. 48E-12 
9.39E-13 
1.25E-13 
1.76E-14 
2. 66S-15 
4. 28E-16 


OJ 
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TABLE  A2.118 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 50.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  = 0.0  G/CM2 

RVT  = 15.0  G/CM2 

R ,T  = 0.0  G/2M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

2.06E  02 

3.  7 IE-  01 

2.02E  02 

2.  98E-01 

3.00 

9.17E  01 

3. 12E-01 

8.86E  01 

2.49E-01 

5.00 

2.91E  01 

2.23E-01 

2.75E  01 

1.75E-01 

7.00 

1.25E  01 

1.63E-01 

1.15E  01 

1. 26E-01 

10.00 

4.61E  00 

1.05E-01 

4. 12E  00 

7. 83E-02 

15.00 

1.29E  00 

5. 29E-02 

1.10E  00 

3. 79E-02 

20.00 

4.73E-01 

2.84E-02 

3.85E-01 

1. 95E-02 

25.00 

2.02E-01 

1.60E-02 

1.57E-01 

1. 05E-02 

30.00 

9.58E-02 

9.32E-03 

7. 1 1E-02 

5. 86E-03 

35.00 

4.90E-02 

5.60E-03 

3.48E-02 

3.37E-03 

40.00 

2.65E-02 

3.46E-03 

1.80E-02 

2. 00E-03 

45.00 

1.  50E-02 

2. 19E-03 

9.74E-C3 

1.  21E-03 

50.00 

8.78E-03 

1 • 4 IE-03 

5.47E-03 

7. 46E-04 

60.00 

3.  28E-03 

6. 15E-04 

1.88E-03 

2. 98E-04 

70.00 

1.35E-03 

2.84E-04 

7.05E-04 

1. 26E-04 

80.00 

5.  88E-04 

1.37E-04 

2.82E-04 

5. 52E-05 

90.00 

2.73E-04 

6.81E-05 

1.20E-04 

2. 51E-05 

100.00 

1.32E-04 

3.51E-05 

5.27E-05 

1.  18E-05 
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TABLE  A2.119 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  * 50.  (MV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R #T  * 0.0  G/CM2 

R,T  = 15.0  G/CM2 

H,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

3.84E  02 

4.82E-01 

3.77E  02 

3. 87E-0 1 

3.00 

1.60E  02 

4.04E-01 

1.54E  02 

3. 22E-01 

5.00 

4.69E  01 

2.88E-01 

4.43E  01 

2. 25E-0 1 

7.00 

1.92E  01 

2.09E-01 

1.77E  01 

1. 60E-0 1 

10. 00 

6.  79E  00 

1.33E-01 

6.07E  00 

9. 92E-02 

15.00 

1.82E  00 

6.63E-02 

1.55E  00 

4. 75E-02 

20.00 

6.  46E-0  1 

3.53E-02 

5.25E-01 

2. 42E-02 

25. 00 

2. 71E^01 

1.97E-02 

2.  10E-01 

1 • 29E-02 

30. 00 

1.  26E-01 

1.  14E-02 

9.38E-02 

?. 17E-03 

35.00 

6.38E-02 

6.83E-03 

4.53E-02 

4.  10E-03 

40.00 

3. 4 1E-0 2 

4.20E-03 

2. 32E-02 

2. 4 IE-0  3 

45.00 

1.91E-02 

2.65E-03 

1.24E-02 

1. 46E-03 

50.00 

1.  12E-02 

1.70E-03 

6.93E-03 

8. 95E-04 

60.00 

4.12E-03 

7.35E-04 

2.35E-03 

3. 55E-04 

70.00 

1.67E-03 

3.37E-04 

8.75E-04 

1. 49E-04 

80.00 

7.26E-04 

1.62E-04 

3.48E-04 

6. 52E-05 

90.00 

3.34E-04 

8.02E-05 

1.46E-04 

2. 95E-05 

100.00 

1.60E-04 

4. 12E-05 

6.42E-05 

1. 38E-05 
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TABLE  A2.120 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OP  PLARE  * 50.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R #T  * 0.0  G/CM2 

R#T  * 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.00E  02 

3.27E-01 

9.64E  01 

2. 6 1E-0 1 

3.00 

4.  19E  01 

2.60E-01 

3.97E  01 

2. 05E-01 

5.00 

1.22E  01 

1.68E-01 

1.12E  01 

1. 30E-01 

7.00 

4.85E  00 

1.  12E-01 

4.34E  00 

8.  44E-02 

10.00 

1.64E  00 

6.35E-02 

1.41E  00 

4.  63E-02 

15.00 

4.09E-01 

2. 7 IE-02 

3. 3 1E-0  1 

1.87E-02 

20.00 

1.35E-01 

1.26E-C2 

1.03E-01 

8. 22E-03 

25.00 

5. 26E-02 

6.25E-03 

3. 79E*"02 

3. 84E-03 

30.00 

2.  29E-02 

3.26E-03 

1.56E-02 

1. 90E-03 

35.00 

1.08E-02 

1.77E-03 

6.96E-03 

9.76E-04 

40.00 

5.  4 1E-0  3 

9.95E-04 

3.29E-03 

5. 18E-04 

45.00 

2.85E-03 

5.75E-04 

1.64E-03 

2. 83E-04 

50.00 

1.  56E-03 

3.42E-04 

8.50E-04 

1. 59E-04 

60.00 

5.  13E-04 

1.27E-04 

2.50E-04 

5.  24E-05 

70.00 

1.  86E-04 

5.07E-05 

8.03E-05 

1.85E-05 

80.00 

7.21E-05 

2.13E-05 

2.76E-05 

6. 84E-06 

90.00 

2.98E-05 

9.33E-06 

1.01E-05 

2. 63E-06 

100. 00 

1.28E-05 

4.23E-06 

3. 8 IE-06 

1.04E-06 
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TABLE  A2.121 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OP  FLARE  * 50.  (HY) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R.T  * 0.0  G/CH2 

R.T  = 15.0  G/CH2 

R.T  = 0.0  G/CH2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.  S (G/CH2) 

REH 

REH 

REH 

REH 

2.00 

1.63E  02 

4.24E-01 

1.57E  02 

3.39E-01 

3.00 

6.44E  01 

3.35E-01 

6.10E  01 

2. 64E-01 

5.00 

1.75E  01 

2.15E-01 

1.61E  01 

1.66E-01 

7.00 

6.  73E  00 

1.42E-01 

6.01E  00 

1.07E-01 

10.00 

2.20E  00 

7.99E-02 

1.89E  00 

5. 8 IE-02 

15.00 

5.  29E-01 

3.37E-02 

4.27E-01 

2. 3 IE-02 

20.00 

1.71E-01 

1.55E-02 

1.30E-01 

1.0  IE-02 

25.00 

6. 55E-02 

7.62E-03 

4.70E-02 

4.  68E-03 

30.00 

2. 82E-02 

3.95E-03 

1. 9 IE-02 

2.30E-03 

35.00 

1.32E-02 

2.  14E-03 

8.46E-03 

1. 17E-03 

40.00 

6.55E-03 

1.19E-03 

3.97E-03 

6. 18E-04 

45.00 

3.43E-03 

6.86E-04 

1.97E-03 

3.  37E-04 

50.00 

1.07E-O3 

4.06E-04 

1. 0 IE-03 

1.88E-04 

60.00 

6.08E-04 

1.50E-04 

2.95E-04 

6. 18E-05 

70.00 

2.19E-04 

5.95E-05 

9.43E-05 

2.  17E-05 

80.00 

8.43E-05 

2.49E-05 

3 . 22E-05 

7.  99E-06 

90.00 

3.47E-05 

1.09E-05 

1. 17E-05 

3.  06E-06 

100.00 

1.49E-05 

4. 9 IE-06 

4.42E-06 

1. 21E-06 
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TABLE  A2.122 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATEBIAL  COPPER 
RIGIDITY  OF  FLABE  * 50.  (HV) 


ABSOBBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

B,T  * 0.0  G/CH2 

R,T  = 15.0  G/CH2 

R,T  * 0.0  G/CM2 

B.T  = 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

BAD 

BAD 

RAD 

RAD 

2.00 

3.10E  02 

3.90E-01 

3.06E  02 

3.  15E-01 

3.00 

1.41E  02 

3.35E-01 

1.38E  02 

2. 69E-01 

5.00 

4.63E  01 

2.  5 IE- 01 

4.45E  01 

1. 98E-01 

7.00 

2.04E  01 

1.90E-01 

1.92E  01 

1. 48E-01 

10.00 

7.82E  00 

1.28E-01 

7.20E  00 

9. 8 IE-02 

15.00 

2.30E  00 

6.98E-02 

2.04E  00 

5. 15E-02 

20.00 

8.77E-01 

3.99E-02 

7.50E-01 

2.  85E-02 

25.00 

3.89E-01 

2.37E-02 

3. 2 1E-0  1 

1. 63E-02 

30.00 

1.90E-01 

1.45E-02 

1.52E-01 

9. 68E-03 

35.00 

1.00E-01 

9. 16E-03 

7.72E-02 

5. 89E-03 

40.00 

5. 59E-02 

5.89E-03 

4.15E-02 

3.  66E-33 

45.00 

3.26E-02 

3.87E-03 

2.34E-02 

2. 32E-03 

50.00 

1.96E-02 

2.59E-03 

1.36E-02 

1. 50E-03 

60.00 

7.76E-03 

1. 2 IE-03 

5. 0 1E-0  3 

6.  55E-04 

70.00 

3.  33E-03 

5.92E-04 

2.01E-03 

2.  99E-04 

80.00 

1.54E-03 

3.03E-04 

8.63E-04 

1. 43E-04 

90.00 

7.43E-04 

1.60E-04 

3.89E-04 

7. 02E-05 

100.00 

3.75E-04 

8.66E-05 

1.84E-04 

3.  55E-05 
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TABLE  A2.123 


PBOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATEBIAL  COPPEB 
BIGIDITT  OF  FLABE  * 50*  (HV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


B,T  * 0.0  G/CH2 

B#T  * 15.0  G/CH2 

B,T  * 0.0  G/CH2 

H,T  * 15.0  G/CH2 

SHIELD 

HITHOUT 

HITHOUT 

HITH 

HITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B,S  (G/CH2) 

BEH 

BEH 

BEH 

BEH 

2.00 

6.37E  02 

5.07E-01 

6.30E  02 

4. 10E-01 

3.00 

2.69E  02 

4.35B-01 

2.64E  02 

3. 49E-0 1 

5.00 

8.13E  01 

3.24E-01 

7. 8 IE  01 

2.56E-01 

7.00 

3.  40  E 01 

2.44E-01 

3.21E  01 

1.  90E-01 

10.00 

1.24E  01 

1.63E-01 

1.14E  01 

1.25E-01 

15.00 

3.47E  00 

8.80E-02 

3.08E  00 

6.  48E-02 

20.00 

1.28E  00 

4.99E-02 

1.09E  00 

3.55E-02 

25.00 

5. 53E-01 

2.94E-02 

4.57E-01 

2.02E-02 

30.00 

2.66E-01 

1.79E-02 

2.12E-01 

1. 19E-02 

35.00 

1.39E-01 

1. 12E-02 

1.06E-01 

7.21E-03 

40.00 

7. 61E-Q2 

7.20E-03 

5.65E-02 

4.46E-03 

45.00 

4.40E-02 

4.70E-03 

3.15E-02 

2.81E-03 

50.00 

2. 62E-02 

3.13E-03 

1 • 8 IE-02 

1.82E-03 

60.00 

1.02E-02 

1.46E-03 

6.60E-03 

7.  86E-04 

70.00 

4.34E-03 

7.08E-04 

2. 6 IE-03 

3. 57E-04 

80.00 

1.98E-03 

3.60E-04 

1. 11E-03 

1 • 70E-04 

90.00 

9.53E-04 

1.89E-04 

4.99E-04 

8. 31B-05 

100.00 

4.  77E-04 

1.02B-04 

2.33E-04 

4.  18E-05 

346 


TABLE  A2.124 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  A LORI NUM 
RIGIDITY  OP  PLARE  * 75.  (H¥) 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


R.T  * 0.0  G/CH2 


SHIELD 

HITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CH2) 

RAD 

2.00 

2.  18E  02 

3.00 

1.22E  02 

5.00 

5.44E  01 

7.00 

3.00E  01 

10.00 

1.49E  01 

15.00 

6.18E  00 

20.00 

3.09E  00 

25.00 

1.72E  00 

30.00 

1.03E  00 

35.00 

6.50E-01 

«o.oo 

4.28E-01 

45.00 

2.90E-01 

50.00 

2.02E-01 

60.00 

1.03E-01 

70.00 

5.65E-02 

80.00 

3.22E-02 

90.00 

1.92E-02 

100.00 

1.  17E-02 

R.T  = 15.0  G/CH2  R#T  = 0.0  G/CM2 


HITHOUT 

HITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

2.60E  00 

2.14E  02 

2. 3 IE  00 

1.18E  02 

1.84E  00 

5.13E  01 

1.48E  00 

2.77E  01 

1.09E  00 

1.34E  01 

6.83E-01 

5.28E  00 

4.47E-01 

2.52E  00 

3.C2E-01 

1.34E  00 

2.09E-0 1 

7.68E-01 

1.48E-01 

4.64E-01 

1.07E-01 

2.92F-01 

7.83E-02 

1.89E-01 

5.82E-02 

1.26E-01 

3. 3 IE-02 

5.92E-02 

1.96E-02 

2.96E-02 

1.20E-02 

1.55E-02 

7.48E-03 

8. 4 IE-03 

4.79E-03 

4.68E-03 

ABSORBED  DOSE 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

2.  10E  DO 
1.85E  00 
1.44E  00 
1.  1 4 E 00 
8. 20E-01 
4. 92E-01 
3. 08E-01 
1. 99E-01 
1. 32E-01 
8. 96E-02 
6.  18E-0? 

4.  34E-02 
3. 08E-02 
1. 61E-02 
8. 71E-03 
4. 85E-03 
2. 76E-03 
1. 6 1E-0 3 
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TABLE  A2.125 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLAPE  * 75,  (MV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R« S (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

3.74E  02 

3.22E  00 

3.66E  02 

2.60E  00 

3.00 

1.97E  02 

2.85E  00 

1.90E  02 

2.28E  00 

5.00 

8. 14E  01 

2.26E  00 

7.69E  01 

1.77E  00 

7.00 

4.31E  01 

1.81E  00 

3.98E  01 

1.39E  00 

10.00 

2.07E  01 

1.32E  00 

1.85E  01 

9. 95E-01 

15.00 

8.22E  00 

8.22E-01 

7.01E  00 

5.  9 IE- 0 1 

20.00 

4.00E  00 

5.34E-01 

3.26E  00 

3.  67E-01 

25.00 

2.19E  00 

3.58E-01 

1.70E  00 

2. 36E-01 

30.00 

1.30E  00 

2. 47E-01 

9.64E-01 

1. 56E-01 

35.00 

8.08E-01 

1.74E-01 

5.75E-01 

1. 05E-01 

40.00 

5.  28E-01 

1.25E-01 

3.59E-01 

7. 2 IE-02 

45.00 

3. 54 E- 01 

9.13E-02 

2. 3 1E-0 1 

5.05E-02 

50.00 

2.45E-01 

6.76E-02 

1.53E-01 

3.  57E-02 

60.00 

1.24E-01 

3.82E-02 

7. 1 1E-02 

1 • 85E- 02 

70.00 

6.75E-02 

2.26E-02 

3.53E-02 

1. 00E-32 

80.00 

3.82E-02 

1.37E-02 

1.84E-02 

5.  54E-03 

90.00 

2.26E-02 

8.53E-03 

9.92E-03 

3.  15E-03 

100.00 

1 • 37E-02 

5.45E-03 

5.50E-03 

1.83E-03 
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TABLE  A2.126 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  * 75.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


R *T  = 0.0  G/CM2 


R#T  = 15.0  G/CM2  R,T  = 0.0  G/CM2 


R# T = 15.0  G/CM2 


SHIELD  WITHOUT 


WITHOUT 


WITH 


WITH 


DEPTH 

R.S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 

90.00 

100.00 


ATTENUATION 

RAD 

1.29E  02 
7.00E  01 
2.93E  01 
1.54E  01 
7.26E  00 
2.78E  00 
1.30E  00 
6.8QE-01 
3.86E-01 
2. 3 1E-0 1 
1.45E-01 
9.35E-02 
6.22E-02 
2.92E-02 
1.47E-02 
7.76E-03 
4.27E-03 
2.42E-03 


ATTENUATION 

RAD 

2.38E  00 

2.03E  00 

1.51E  00 

1.14E  00 

7.75E-01 

4.34E-01 

2.57E-01 

1.59E-01 

1.02E-01 

6.78E-02 

4.58E-02 

3. 16E-02 

2.22E-02 

1.14E-02 

6. 13E-03 

3. 4 IE-03 

1.95E-03 

1.15E-03 


ATTENUATION 

RAD 

1.25E  02 

6.63E  01 

2.69E  01 

1.38E  01 

6.26E  00 

2.26E  00 

9.93E-01 

4.92E-01 

2.64E-01 

1.50E-01 

8.83E-02 

5. 4 IE- 02 

3.39E-02 

1.43E-02 

6.36E-03 

2.97E-03 

1.44E-03 

7. 17E-04 


ATTENUATION 

RAD 

1. 91E  00 
1.61E  00 
1.  17E  00 
8.  65E-01 
5.  67E-01 
3. 00E-01 
1. 68E-01 
9. 86E-02 
5. 99E-02 
3. 75E-02 
2. 395-02 
1. 56E-02 
1. 03E-02 
4.69E-03 
2. 23E-03 
1. 09E-03 
5.  49E-04 
2. 82E-04 


TABLE  A2.127 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  MATERIAL  POLYETHYLENE 


RIGIDITY  OF 

FLAPE  = 75.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/0M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

1.96E  02 

2.95E  00 

1.89E  02 

2. 37E  00 

3.00 

1.00E  02 

2.51E  00 

9.52E  01 

1. 99E  DO 

5.00 

3.97E  01 

1.85E  00 

3.65E  01 

1.43E  00 

7.00 

2.02E  01 

1.39E  00 

1.81E  01 

1. 05E  00 

10.00 

9.24E  00 

9.35E-01 

7.95E  00 

6.82E-01 

15.00 

3.43E  00 

5.  18E-01 

2.78E  00 

3.  57E-01 

20.00 

1.57E  00 

3.04E-01 

1.20E  00 

1. 98E-01 

25.00 

8. 12E-01 

1.87E-01 

5.86E-01 

1. 16S-01 

30.00 

4. 57E-01 

1.20E-01 

3. 1 1E-01 

6. 98E-02 

35.00 

2. 72E-0 1 

7.88E-02 

1.75E-01 

4. 35E-02 

40.00 

1.69E-01 

5. 30 E- 02 

1.03E-01 

2. 76E-02 

45.00 

1.08E-01 

3.64E-02 

6.25E-02 

1. 80E-02 

50.00 

7. 18E-02 

2.55E-02 

3. 9 IE-02 

1. 19E-02 

60.00 

3.35E-02 

1.30E-02 

1.63E-02 

5. 36E-03 

70.00 

1.68E-02 

6.97E-03 

7.23E-03 

2. 54E-03 

80.00 

8.80E-03 

3.87E-03 

3.37E-03 

1.  24E-33 

90.00 

4.83E-03 

2.21E-03 

1.63E-03 

6. 2 IE-04 

100.00 

2.73E-03 

1.29E-03 

8.07E-04 

3. 17E-04 

3SO 


TABLE  A2.128 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OP  FLARE  = 75.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 


R.T  = 0.0  G/CM2  R,T  = 15.0  G/CM2 


SHI ELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

RAD 

RAD 

2.00 

2.94E  02 

2.69E  00 

3.00 

1.67E  02 

2.42E  00 

5.00 

7.59E  01 

1.99E  00 

7.00 

4.26E  01 

1.64E  00 

10.00 

2.  17E  01 

1.25E  00 

15.  00 

9.27E  00 

8.27E-01 

20.00 

4.75E  00 

5.64E-0  1 

25.00 

2.71E  00 

3.96E-01 

30.00 

1.66E  00 

2.83E-01 

35.00 

1.07E  00 

2.07E-01 

40.00 

7.  16E-01 

1.54E-01 

45.00 

4. 95E-01 

1. 15E-01 

50.00 

3.  51E-01 

8.77E-02 

60.00 

1.86E-01 

5.24E-02 

70.00 

1.  05E-01 

3.23E-02 

80.00 

6. 2 IE-02 

2.05E-02 

90.00 

3.  79E-02 

1.33E-02 

100.00 

2.39E-02 

8.80E-03 

ABSORBED  DOSE 


ABSORBED  DOSE 


E#T  = 0.0  G/CM2 

WITH 

ATTENUATION 

RAD 

2.  90E  02 
1.63E  02 
7.29E  01 
4.02E  01 
2.00E  01 
8.23E  00 
4.07E  00 
2.24E  00 
1.32E  00 
8.24E-01 
5.33E-01 
3.56E-01 
2.43E-01 
1. 2 1E-0  1 
6.34E-02 
3.50E-02 
1.99E-02 
1.  17E-02 


R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

2.  18E  00 
1. 95E  00 
1.  58E  00 
1.29E  00 
9. 62E-01 
6.  13E-01 
4. 04E-01 
2. 74E-01 
1. 89E-01 
1. 34E-01 
9. 58E-02 
6. 95E-02 
5. 1 1E-02 
2. 85E-02 
1. 64E-02 
9. 72E-03 
5. 88E-03 
3. 62E-03 


TABLE  A2.129 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  * 75.  (MY) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

R * T = 15.0  G/CM2 

R #T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REM 

REM 

REM 

REM 

2.  00 

5.52E  02 

3.34E  00 

5.46E  02 

2. 70E  00 

3.00 

2.93E  02 

3.01E  00 

2.87E  02 

2.  42E  00 

5,00 

1.23E  02 

2.45E  00 

1.  18E  02 

1. 94E  00 

7.00 

6.59E  01 

2.02E  00 

6.22E  01 

1. 58E  00 

10.00 

3.21E  01 

1.53E  00 

2.96E  01 

1. 1 7E  00 

15.00 

1.  31E  01 

1.00E  00 

1. 16E  01 

7.  39 E-0  1 

20.00 

6.51E  00 

6.77E-01 

5.58E  00 

4.  84E-01 

25.  00 

3.64E  00 

4.72E-01 

3.01E  00 

3.  265-0  1 

30.00 

2.19E  00 

3.36E-01 

1.75E  00 

2.  24E-01 

35.00 

1.40E  00 

2.44E-01 

1.08E  00 

1.  57E-0  1 

40.00 

9.26E-01 

1.8 1E-0  1 

6.88E-01 

1.  12E-0  1 

45.00 

6.  34E-01 

1.35E-01 

4.55E-01 

8.  12E-02 

50.00 

4.46E-01 

1.02E-01 

3.09E-01 

5.  95E-02 

60.00 

2. 34E-0 1 

6.09E-02 

1 • 5 1E-0 1 

3.  30 E-0 2 

70.00 

1 • 3 1E-0 1 

3.73E-02 

7.87E-02 

1. 89E-02 

80.00 

7.67E-02 

2.  36E-02 

4.3  IE-02 

1.  1 2E-02 

90.00 

4.65E-02 

1.53E-02 

2.44E-02 

6.  73E-03 

100.00 

2. 9 IE-02 

1.0  IE-02 

1.43E-02 

4.  13E-03 

u> 

Ln 

ho 


TABLE  A2.130 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 100.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 

R,T  = 0.0  G/CM2  R»T  = 15.0  G/CM2  R 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

2.00 

2.  14E  02 

6.6  IE  00 

3.00 

1.35E  02 

6.03E  00 

5.00 

7.11E  01 

5.06E  00 

7.00 

4.45E  01 

4.28E  00 

10.00 

2.58E  01 

3.38E  00 

15.00 

1.30E  01 

2. 36E  00 

20.00 

7.58E  00 

1.71E  00 

25.00 

4.82E  00 

1.26E  00 

30.00 

3.25E  00 

9.54E-01 

35.00 

2.28E  00 

7.32E-01 

40.00 

1.65E  00 

5. 7 IE-01 

45.00 

1.23E  00 

4.  5 IE- 01 

50.00 

9.29E-01 

3.59E-01 

60.00 

5.58E-01 

2.34E-01 

70.00 

3.52E-01 

1.57E-01 

80.00 

2.30E-01 

1 08E-01 

90.00 

1.55E-01 

7.59E-02 

100.00 

1.07E-01 

5.40E-C2 

ABSORBED  DOSE 


ABSORBED  DOSE 


= o.o  g/:m2 

B#T  = 15.0  G/CM2 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

2.10E  02 

5.  36E  00 

1.31E  02 

4.84E  00 

6.71E  01 

3.99E  00 

4.11E  01 

3.32E  00 

2. 3 IE  01 

2.55E  00 

1.11E  01 

1.71E  00 

6.19E  00 

1. 18E  00 

3.77E  00 

8. 36E-01 

2.43E  00 

6.05E-01 

1.63E  00 

4. 44E-01 

1.13E  00 

3. 32E-01 

8.04E-01 

2. 5 1E-0 1 

5.83E-01 

1 . 9 1E-0 1 

3.21E-01 

1. 14E-01 

1.85E-01 

6.99E-02 

1.1  IE-01 

4. 38E-02 

6.80E-02 

2.80E-02 

4.27E-02 

1 • 8 IE-02 

TABLE  A2'.131 

P BO TONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


RIGIDITY  OP 

FLARE  * 100.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

R#T  * 15.0  G/CM2 

R#T  = 0.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

2.00 

3.48E  02 

7.98E  00 

3.41E  02 

3.00 

2.07E  02 

7.26E  00 

2.00E  02 

5.00 

1.02E  02 

6.05E  00 

9.61E  01 

7.00 

6.13E  01 

5.10E  00 

5.66E  01 

10.00 

3.43E  01 

4.  0 IE  00 

3.08E  01 

15.00 

1.67E  01 

2.78E  00 

1.42E  01 

20.00 

9.50E  00 

1.99E  00 

7.75E  OC 

25.00 

5.95E  00 

1.46E  00 

4.64E  00 

30.00 

3.96E  00 

1.10E  00 

2.96E  00 

35.00 

2.76E  00 

8. 4 1E-0 1 

1.97E  00 

40.00 

1.98E  00 

6.54E-01 

1.35E  00 

45.00 

1.46E  00 

5.15E-01 

9.55E-01 

50.00 

1.  10E  00 

4.09E-01 

6.89E-0 1 

60.00 

6.55E-01 

2.65E-01 

3.76E-01 

70.00 

4.  10E-01 

1.77E-01 

2.15E-01 

80.00 

2.67E-01 

1.2  IE-01 

1.28E-01 

90.00 

1.79E-01 

8.50E-02 

7.83E-02 

100.00 

1.22E-01 

6.03E-02 

4.89E-02 

DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

6. 45E  00 
5.  82E  00 
4.  76 E 00 
3.94E  00 
3.02E  00 
2.00E  00 
1.37E  00 
9.67E-01 
6. 96E-01 
5.09E-01 
3.  79E-01 
2.85E-01 
2. 17E-01 
1.29E-01 
7. 86E-02 
4. 91E-02 
3.  13E-02 
2. 02E-02 
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TABLE  A2.132 


PHOTONS  AS  INCIDENT  P AfiTICLES  SHIELD  H ATEBIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  * 100*  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R.T  * 0.0  G/CM2 

H.T  * 15.0  G/CH2 

R.T  = 0.0  G/CM2 

R.T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.41E  02 

6.18E  00 

1.36E  02 

4.98E  00 

3*00 

8.64E  01 

5.47E  00 

8.20E  01 

4.36E  00 

5*00 

4.35E  01 

4.35E  00 

4.01E  01 

3.  38E  00 

7.00 

2.63E  01 

3.  5 IE  00 

2.36E  01 

2.67E  00 

10.00 

1.47E  01 

2. 60S  00 

1.27E  01 

1.  91 E 00 

15.00 

6.96E  00 

1.67E  00 

5.67E  00 

1.  16 E 00 

20.00 

3.87E  00 

1.12E  00 

2.97E  00 

7.  33E-01 

25.00 

2.35E  00 

7.75E-01 

1.71E  00 

4.  81E-01 

30.00 

1.52E  00 

5.53E-01 

1.04E  00 

3.  25E-01 

35.00 

1.03E  00 

4.03E-01 

6.68E"01 

2.  24E-01 

HO.  00 

7.18E-01 

3.00E-01 

4.40E-01 

1.57E-01 

45.00 

5.  16E-01 

2.26E-01 

2.99E-01 

1. 12E-01 

50.00 

3.77E-01 

1.73E-01 

2.07E-01 

8.  03E-02 

60  s C 0 

2.  13E-01 

1.04E-01 

1.04E-01 

4. 29E-02 

•>0.00 

1.26E-01 

6.50E-02 

5.  46E-02 

2.  36E-02 

uo.oo 

7. 798-02 

4.17E-02 

2.97E-02 

1.33E-02 

90.00 

4.94B-02 

2.74E-02 

1.66E-02 

7. 64E-03 

100.00 

3.  22E-02 

1.83E-02 

9.46E-03 

4.47E-03 

355 


TABLE  A2.133 


MM D?TrAOFIFL^E>I  9kWl2S!nmJ'W  HATEBIAL  POLYETHYLENE 

DOSE  EQUIVALENT 


SHIELD 


DOSE  EQUIVALENT 
R.T  « 0*0  G/CH2 


WITHOUT 


DOSE  EQUIVALENT 
P#T  * 15.0  G/CH2 


WITHOUT 


R#T  * 0.0  G/CH2 

WITH 


DEPTH 

ATTENUATION 

H.S  (G/CH2) 

REH 

2.00 

2.03E  02 

3.00 

1.19E  02 

5.00 

5.  69  E 01 

7.00 

3.34E  01 

10.00 

1.81E  01 

15.00 

8.36E  00 

20.00 

4.  57E  00 

25.00 

2.75E  00 

30.00 

1.  76E  00 

35.00 

1.  18E  00 

40.00 

8.20E-01 

45.00 

5.86E-01 

50.00 

4.27E-01 

60.00 

2.40E-01 

70.00 

1.41E-01 

80.00 

8.68S-02 

90.00 

5.  48E-02 

100.00 

3. 56E-02 

ATTENUATION 

ATTENUATION 

REH 

REH 

7.45E  00 

1.96E  02 

6.57E  00 

1.13E  02 

5. 18E  00 

5.24E  01 

4.16E  00 

2.99E  01 

3.06E  00 

1.56E  01 

1.94E  00 

6.79E  00 

1.29E  00 

3.50E  00 

8.90E-01 

1.99E  00 

6.32E-01 

1.20E  00 

4.59E-01 

7.64E-01 

3.  40E-01 

5.01E-01 

2.56E-01 

3. 39E-0  1 

1.95E-01 

2.33E-01 

1.17E-01 

1. 17E-01 

7 • 26E-02 

6 • 09E-02 

4.64E-02 

3. 3 IE-02 

3.04E-02 

1.84E-02 

2.03E-02 

1.05E-02 

DOSE  EQUIVALENT 
fi#?  * 15.0  G/CH2 
WITH 

ATTENUATION 

a EH 

5.  99E  00 
5. 22E  00 
4.02E  00 
3.  15S  00 

2.  24  E 00 

1.  34 E 00 
8. 45E-01 
5.  50E-01 

3.  70E-01 

2.  54E-01 
1. 77E-01 
1. 26E-01 
9. 04E-02 
4. 81E-02 
2.  64E-02 
1.  48E-02 
8.  49E-03 
4. 95E-03 


TABLE  A2.134 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  H ATERIAL  COPPER 
RIGIDITY  OF  FLARE  * 100.  (MV) 

ABSORBED  DOSE  ABSORBED  DDSE 

R,T  * 0.0  G/CH2  R,T  * 15.0  G/CM2 

SHIELD  WITHOUT  WITHOUT 

DEPTH  ATTENUATION  ATTENUATION 


R#  S (G/CH2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 
AO.  00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

2.73E  02 
1.74E  02 
9.29E  01 
5.88E  01 
3.47E  01 
1.78E  01 
1.06E  01 
6.88E  00 
4.71E  00 
3.36E  00 
2. 46 E 00 
1.86E  00 
1.42E  00 
8.78E-01 
5.67E-01 
3.80E-01 
2.  6 1E-0  1 
1.84E-01 


RAD 

6.79E  00 
6.27E  00 
5.38E  00 
4.64E  00 
3.77E  00 
2.74E  00 
2.04E  00 
1.55B  00 
1.20E  00 
9.47E-01 
7.53B-01 
6.05E-01 
4.92E-01 
3.32E-01 
2.30E-01 
1«  63E-01 
1. 17E-01 
8.59E-02 


ABSORBED  DOSE 
R.T  * 0.0  G/CH2 

WITH 

ATTENUATION 

RAD 

2.69E  02 
1.70E  02 
8.91E  01 
5.  55E  01 
3.20E  01 
1.59E  01 
9.10E  00 
5.69E  00 
3.76E  00 
2.59E  00 
1.84E  00 
1.34E  00 
9.89E-01 
5.69E-01 
3.43E-01 
2.  14E-01 
1.37E-01 
9.03E-02 


ABSORBED  DOSE 
fi.T  * 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

5. 52E  00 
5.  07E  00 
4.  28E  DO 
3.65E  00 
2. 90E  00 
2.04E  00 
1.  47E  DO 
1.08E  00 
8.07E-D1 
6. 13E-01 
4. 71E-01 
3. 66E-01 
2. 88E-01 
1. 81E-01 
1.  17E-01 
7. 74E-02 
5. 19E-02 
3.  54E-02 


TABLE  A2.135 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  COPPER 
RIGIDITY  OF  FLARE  * 100.  (HV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

R #T  * 0,0  G/CH2  R,  T * 15.0  G/CH2 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R,S  CG/CH2) 

REH 

REH 

2.00 

4.84E  02 

8.20E  00 

3.00 

2.89E  02 

7.56E  00 

5.00 

1.43E  02 

6.45E  00 

7.00 

8.68E  01 

5.54E  00 

10.00 

4.91E  01 

4.48E  00 

15.00 

2.42E  01 

3.23E  00 

20.00 

1.40E  01 

2.39E  00 

25.00 

8.91E  00 

1.81E  00 

30.00 

6.01E  OC 

1.39E  00 

35.00 

4.24E  OC 

1.09E  00 

40.00 

3.08E  00 

8.66E-01 

45.00 

2.30E  00 

6. 94E-01 

50.00 

1.75E  00 

5.62E-01 

60.00 

1.07E  00 

3.78E-01 

70.00 

6.85E-01 

2.6 1E-0 1 

80.00 

4.  56E-01 

1.84E-01 

90.00 

3.1  IE-01 

1.32E-01 

100.00 

2.  18E-01 

9.63E-02 

DOSE  EQUIVALENT  DDSE  EQUIVALENT 


* 0.0  G/CH2 

R#T  * 15.0  G/CH2 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

REH 

REH 

4.78E  02 

6.66E  00 

1 

2.82E  02 

6.09E  00 

1.37E  02 

5. 13E  00 

8.20E  01 

4, 35B  00 

1 

4.53E  01 

3.44E  00 

U3 

2.15E  01 

2. 39E  00 

un 

OC 

1.20E  01 

1.71E  00 

7.36E  00 

1.25E  00 

4.80E  00 

9. 33E-01 

3.26E  00 

7.  06E-01 

2.29E  00 

5.  41E-01 

1.66E  00 

4.  19E-01 

1.22E  00 

3.28E-01 

6.93E-01 

2. 05E-01 

4. 14E-01 

1. 32E-01 

2.57E-01 

8.71E-02 

1.64E-C1 

5.  82E-02 

1.07E-01 

3.  96E-02 

TABLE  A2.136 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  HATERIAL  ALUHINUH 
RIGIDITY  OF  FLARE  = 125.  (B?) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R.T  * 0.0  G/CH2 

R,  T * 15.0  G/CH2 

R,T  * 0.0  G/CR2 

fi#?  * 15.0  G/CH2 

SHIELD 

NITHOOT 

NITHOOT 

WITH 

NITH 

DEPTH 

ATTENOATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B,S  (G/CH2) 

RAD 

RAD 

RAD 

RAD 

2.00 

2.06E  02 

1.13E  01 

2.02E  02 

9.  19E  00 

3.00 

1.40E  02 

1.05E  01 

1.35E  02 

8.  44 E 00 

5.00 

8.13E  01 

9.08E  00 

7.68E  01 

7. 18E  00 

7.00 

5.  49E  01 

7.9  IE  00 

5.08E  01 

6. 15E  00 

10.00 

3.49E  01 

6.53E  00 

3.13E  01 

4. 94E  00 

15.00 

1.98E  01 

4.87E  00 

1.69E  01 

3. 53E  00 

20.00 

1.27E  01 

3.73E  00 

1.04E  01 

2.59E  00 

25.00 

8.  74E  00 

2.92E  00 

6.84E  00 

1.  93E  00 

30.00 

6.33E  00 

2.32E  00 

4.74E  00 

1. 47E  00 

35.00 

4.74E  00 

1.87E  00 

3.39E  00 

1. 1 4 E DO 

40.00 

3.64E  00 

1.53E  00 

2.49E  00 

8. 89E-01 

45.00 

2.85E  00 

1.26E  00 

1.87E  00 

7.  0 1E-0 1 

50.00 

2.27E  00 

1.05E  00 

1.43E  00 

5.  58E-01 

60.00 

1.50E  00 

7.41E-01 

8.64E-0  1 

3.  6 1E-0 1 

70.00 

1.03E  00 

5.37E-01 

5. 43E-0 1 

2. 39E-01 

60.00 

7.32E-01 

3.96E-01 

3.52E-01 

1.  60E-01 

90.00 

5. 3 IE-01 

2.98E-01 

2.33E-01 

1.  10S-01 

100.00 

3.92E-01 

2.26E-01 

1.57E-01 

7.59E  02 

tabu:  a:.  137 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OP  FLARE  * 125.  (MV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

P,T  - 0.0  G/CM2 

R #T  * 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

i (G/CH2) 

BEM 

REM 

REM 

REM 

2.00 

3.  22E  02 

1.34E  01 

3.15E  02 

1. 08E  01 

3.00 

2.06E  02 

1.24E  01 

1.99E  02 

9. 94E  00 

5.00 

1.  13E  02 

1.07E  01 

1.07E  02 

8.  4 1 E 00 

7.00 

7.35E  01 

9.26E  00 

6.80E  01 

7.  17E  00 

10.00 

4.52E  01 

7.60E  00 

4.06E  01 

5.  73 E 00 

15.00 

2.47E  01 

5.62E  00 

2.  12E  01 

4.  06E  00 

20.  00 

1.  55E  01 

4.28E  00 

1.27E  01 

2.  96E  00 

25.00 

1.06E  01 

3.33E  00 

8.25E  00 

2. 20E  00 

30.  00 

7.56E  00 

2.64E  00 

5.65F  00 

1. 67E  00 

35.00 

5.61E  00 

2.12E  00 

4.01E  00 

1.  28E  00 

40.00 

4. 28 E 00 

1.72E  00 

2.93E  00 

9. 99E-0 1 

45.00 

3.34E  00 

1.42E  00 

2.  18E  00 

7. 86E-01 

50.  00 

2.65E  00 

1.  17E  00 

1.66E  00 

6. 24E-0 1 

60.00 

1.73E  00 

8.27E-01 

9.94E-01 

4. 02E-01 

70.00 

1. 18 E 00 

5.97E-01 

6.2  1E-0 1 

2. 65E-01 

80.00 

8.34E-01 

4.39E-01 

4.00E-01 

1.77E-01 

90.00 

6. 02E-0 1 

3.29E-01 

2.64E-01 

1. 2 1E-0  1 

100.00 

4.43E-01 

2. 50 E- 01 

1.77E-01 

8. 35E-02 

TABLE  A2.138 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 125.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R#T  = 0.0  G/CM2 

R,T  * 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

BAD 

RAD 

RAD 

RAD 

2.00 

1.44E  02 

1.07E  01 

1.39E  02 

8.65E  DO 

3.00 

9.55E  01 

9.69E  00 

9.07E  01 

7.73E  00 

5.00 

5.38E  01 

8.01E  00 

4.97E  01 

6. 25E  00 

7.00 

3. 54 E 01 

6.72E  00 

3.18E  01 

5.  12E  00 

10.00 

2.18E  01 

5.27E  00 

1.89E  01 

3.88E  DO 

15.00 

1.18E  01 

3.66E  00 

9.64E  00 

2.54E  00 

20.00 

7.28E  00 

2.64E  00 

5.61E  00 

1.  7 3E  DO 

25.00 

4.85E  00 

1.96E  00 

3.53E  00 

1.22E  00 

30.00 

3.40E  00 

1.49E  00 

2.34E  00 

8. 74E-01 

35.00 

2.47E  00 

1.15E  00 

1.60E  00 

6. 38E-01 

40.00 

1.84E  00 

9. 04E-0  1 

1.13E  00 

4.  73E-01 

45.00 

1.40E  00 

7.20E-01 

8. 15E-01 

3.55E-01 

50.00 

1.09E  00 

5.79E-01 

5.97E-01 

2. 69E-01 

60.00 

6.85E-01 

3.84E-01 

3.34E-01 

1.  58E-01 

70.00 

4.48E-01 

2.63E-01 

1.94E-01 

9.  50E-02 

80.00 

3.04E-01 

1.83E-01 

1. 16E-01 

5.  8 IE-02 

90.00 

2.  10E-01 

1.3  1E-0 1 

7.03E-02 

3.63E-02 

100.00 

1.49E-01 

9.47E-02 

4.35E-02 

2.29E-02 

TABLE  A2.139 


PROTONS  IS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 125.  (MV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

2.02E  02 

1.26E  01 

1.95E  02 

1.02E  01 

3.00 

1.28E  02 

1.14E  01 

1.21E  02 

9. 08E  00 

5.00 

6.86E  01 

9.38E  00 

6.33E  01 

7.29E  00 

7.00 

4.  39  E 01 

7.83E  00 

3.94E  01 

5.95E  00 

10.00 

2.63E  01 

6.09E  00 

2.28E  01 

4.47E  00 

15.00 

1.39E  01 

4.19E  00 

1.13E  01 

2. 91E  00 

20.00 

8.45E  00 

3.00E  00 

6.49E  00 

1.97E  00 

25.00 

5.  56E  00 

2.22E  00 

4.04E  00 

1.37E  00 

30.00 

3.87E  00 

1.68E  00 

2.65E  00 

9. 8 IE-01 

35.00 

2.79E  00 

1.29E  00 

1.81E  00 

7. 14E-01 

40.00 

2.07E  00 

1.01E  00 

1.27E  00 

5. 28E-01 

45.00 

1.57E  00 

8.02E-01 

9.1  IE-01 

3.95E-01 

50.00 

1.22E  00 

6.43E-01 

6.65E-01 

2. 98E-01 

60.00 

7. 60E~0 1 

4.25E-01 

3.70E-01 

1. 74E-01 

70.00 

4.95E-01 

2.90E-01 

2. 13E-01 

1.05E-01 

80.00 

3.34E-01 

2.02E-01 

1.27E-01 

6.39E-02 

90.00 

2.31E-01 

1.44E-01 

7. 7 IE-02 

3. 98E-02 

100.00 

1.63E-01 

1.04E-01 

4.76E-02 

2.  5 IE- 0 2 
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TABLE  A2.140 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 


RIGIDITY  OF 

FLARE  = 125.  (MV) 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  - 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (S/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

2.54E  02 

1.16E  01 

2.50E  02 

9.43E  00 

3.00 

1.-73E  02 

1.08E  01 

1.69E  02 

8.  77E  00 

5.00 

1.02E  02 

9.55E  00 

9.79E  01 

7.62E  00 

7.00 

6.95E  01 

8.46E  00 

6.57E  01 

6.67E  00 

10.00 

4.48E  01 

7.14E  00 

4.13E  01 

5.51E  00 

15.00 

2.58E  01 

5.49E  00 

2.29E  01 

4.09E  00 

20.00 

1.68E  01 

4.32E  00 

1.44E  01 

3.  1 1E  00 

25.00 

1.17E  01 

3.46E  00 

9.72E  00 

2.40E  00 

30.00 

8.59E  00 

2.81E  00 

6.87E  00 

1.89E  00 

35.00 

6.51E  00 

2.31E  00 

5.03E  00 

1. 50E  00 

40.00 

5.062  00 

1.91E  00 

3.77E  00 

1.  20E  00 

45.00 

4.01E  00 

1.60E  00 

2.89E  00 

9. 7 1E-0  1 

50.00 

3.23E  00 

1.35E  00 

2.25E  00 

7.93E-01 

60.00 

2.18E  00 

9.84E-01 

1.41E  00 

5. 37E-01 

70.00 

1.52E  00 

7.30E-01 

9.23E-01 

3.  72E-01 

80.00 

1.10E  00 

5.52E-01 

6. 2 1E-0  1 

2.63E-01 

90.00 

8. 11E-01 

4.23E-01 

4.28E-01 

1. 87E-01 

100.00 

6. 1 1E-01 

3.29E-01 

3.00E-01 

1. 36E-01 

TABLE  A2.141 


i 


DOSE  EQUIVALENT  DOSE  EQUIVALENT 


s 0,0  G/CM2 

R#T  = 15.0  G/CM2 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

4.25E  02 

1. 1 IE  01 

2.70E  02 

1. 03E  0 1 

1 • 46E  02 

8.  95E  00 

9.37E  01 

7. 80E  00 

5.66E  01 

6. 4 1 E 00 

3.02E  01 

4. 73E  00 

1.85E  01 

3.57E  00 

1.23E  01 

2. 75E  00 

8.56E  00 

2.  14E  00 

6.19E  00 

1.  70E  00 

4.60E  00 

1. 36E  00 

3.50E  00 

1.09E  00 

2. 7 IE  00 

8. 90E-01 

1 • 68E  00 

6. 0 1E-0 1 

1 • 09E  00 

4.  15E-01 

7.30E-01 

2. 92E-01 

5, 00E-01 

2. 08E-01 

3.49E-01 

1. 50E-0 1 

I 
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TABLE  A2.142 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 150.  'MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSOEBFD  DOSE 

ABSORBED  DOSE 

R.T  = 0.0  G/CM2 

R# T = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

fi,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

FAD 

RAD 

2.00 

1.97E  02 

1.59E  01 

1.93E  02 

1.  30E  0 1 

3.00 

1.40E  02 

1.49E  01 

1.35E  02 

1. 20E  0 1 

5.00 

8.73E  01 

1.32E  01 

8.25E  01 

1.05E  01 

7.00 

6.21E  01 

1.  18E  01 

5.75E  01 

9. 14E  00 

10.00 

4.20E  01 

9.97E  00 

3.77E  01 

7. 56E  00 

15.00 

2.57E  01 

7.77E  00 

2.21E  01 

5.  6 3 E 00 

20.00 

1.76E  01 

6. 19E  00 

1.44E  01 

4.  3 OE  00 

25.00 

1.28E  01 

5.03E  00 

1.00E  01 

3.  34E  00 

30.00 

9.72E  00 

4.14E  00 

7.28E  00 

2. 63E  00 

35.00 

7.59E  00 

3.45E  00 

5.44E  00 

2.  1 OE  00 

40.00 

6.07E  00 

2.91E  00 

4.  17E  00 

1.69E  00 

45.00 

4. 94E  00 

2.47E  00 

3.24E  00 

1. 37E  00 

50.00 

4.07E  00 

2.11E  00 

2.56E  00 

1.  12E  00 

60.00 

2. 87E  00 

1.57E  00 

1.65E  00 

7. 66E-0 1 

70.00 

2.09E  00 

1.20E  00 

1.  10E  00 

5. 33E-01 

80.00 

1.  56E  00 

9.29E-01 

7.49E-01 

3.  75E-0  1 

90.00 

1.  19E  00 

7.29E-01 

5. 2 1E-0  1 

2.  685-01 

100.00 

9. 2 1E-0  1 

5.80E-01 

3.68E-0 1 

1. 94E-0 1 

TABLE  A2.143 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OP  FLARE  = 150.  (MV) 

DOSE  EQUIVALENT 


SHIELD 


R,T  * 0.0  G/CM2 

WITHOUT 


DOSE  EQUIVALENT 
R,T  - 15.0  G/CM2 
WITHOUT 


DOSE  EQUIVALENT 
R,T  * 0.0  G/CM2 

WITH 


DEPTH 

ATTENUATION 

R,S  (G/CM2) 

REM 

2.00 

2.98E 

02 

3.00 

2.  01 E 

02 

5.00 

1.  18E 

02 

7.00 

8.  13E 

01 

10.00 

5.  33E 

01 

15.00 

3.16E 

01 

20.00 

2.  12E 

01 

25.00 

1.52E 

01 

30.00 

1.  14E 

01 

35.00 

8.  36  E 

00 

40.00 

7.  04E 

00 

45.00 

5.69E 

00 

50.00 

4.  67E 

00 

60.00 

3.26E 

00 

70.00 

2.36E 

00 

80.00 

1.76E 

00 

90.00 

1.33E 

00 

100.00 

1.03E 

00 

ATTENUATION 

ATTENUATION 

REM 

REM 

1.86E  01 

2.92E  02 

1.74E  01 

1.94E  02 

1.53E  01 

1.12E  02 

1.36E  01 

7.53E  01 

1. 14E  01 

4.78E  01 

8.85E  00 

2.71E  01 

7.01E  00 

1.73E  01 

5.66E  00 

1. 19E  01 

4.65E  00 

8.55E  00 

3.86E  00 

6.34E  00 

3.24E  00 

4.82E  00 

2.74E  00 

3.73E  00 

2.34E  00 

2.93E  00 

1.74E  00 

1.87E  00 

1.32E  00 

1.24E  00 

1.02E  00 

8.42E-01 

7.98E-01 

5. 84E-0  1 

6.33E-01 

4.1 1E-0  1 

DOSE  EQUIVALENT 
R*T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1.  5 1 E 01 
1. 40E  01 

1.  21E  D 1 
1.05E  01 
8.65E  00 
6. 40E  00 
4.85E  00 
3. 75E  00 
2. 94 E 00 
2.34E  00 
1. 38 E 00 
1. 52E  00 
1.24E  00 
8. 44E-01 
5. 85E-01 
4.  1 IE-01 
2. 93E-01 

2.  1 1E-01 
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TABLE  A2 . 1 44 


8IGIDm*0FI?L«Bl'«  MR15o!'E1l1V)SHIELI>  "*TERIAL  POLIETHriEK 

ABSORBED  DOSE 


ABSORBED  DOSE 


ABSORBED  DOSE 


SHIELD 


R#T  = 0.0  G/CH2 


R#T  * 15.0  G/CH2  3#T  * 0.0  G/CH2 


WITHOUT 


WITHOUT 


WITH 


DEPTH 

H.S  (G/CN21 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ATTENUATION 

RAD 

1.44E  02 
1.00E  02 
6.  10E  01 
4.25E  01 
2.79E  01 
1.65E  01 
1.09E  01 
7.73E  00 
5.72E  00 
4.36E  00 
3.  40E  00 
2.70E  00 
2. 18 E 00 
1.47E  00 
1.03E  00 
7.42E-01 
5.  45E-01 
4. 07E-01 


ATTENUATION 

RAD 

1.52E  01 
1.40E  01 
1.  19E  01 
1.02E  01 
8.30E  00 
6.09E  00 
4.6  IE  00 
3.58E  00 
2.84E  00 
2.29E  00 
1.86E  00 
1.54E  00 
1.28E  00 
9.04E-0 1 
6.57E-01 
4.86E-01 
3.65E-01 
2. 79E-01 


ATTENUATION 

RAD 

1.39E  02 
9.54E  01 
5.63E  01 
3.82E  01 
2.42E  01 
1.35E  01 
8.44E  00 
5. 64E  00 
3.93E  00 
2.83E  00 
2.09E  00 
1.57E  00 
1.19E  00 
7. 16E-01 
4.43E-01 
2. 8 1E-0  1 
1 • 8 1E-0 1 
1. 18E-01 


ABSORBED  DOSE 
R#T  * 15.0  G/CH2 
WITH 

ATTENUATION 

RAD 

1.23E  01 
1.  12E  01 
9. 28 E DO 
7.  80E  00 
6. 12E  DO 
4.24S  00 
3. 04 E 00 
2.23E  00 
1.67s  DO 

1.  2 7E  00 
9. 73E-01 
7.56E-01 
5. 92E-01 
3.  70E-01 

2.  36E-D  1 
1. 53E-01 
1.  OOE-D  1 
6. 68E-02 
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TABLE  A2.K5 


inmi/or^LM??  MtTio.“?iiv»“XttD  "ATBmi  po“”huene 


DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


R#T  = 0.0  G/CB2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

E.S  (G/CH2) 

BEB 

2.00 

1.96E  02 

3.00 

1.  31E  02 

5.00 

7.62E  01 

7.00 

5.  17E  01 

10.00 

3.32E  01 

15.00 

1.92E  01 

20.00 

1.25E  01 

25.00 

8.76E  00 

30.00 

6.43E  00 

35.00 

4.87E  00 

40.00 

3.78E  00 

45.00 

3.00E  00 

50.00 

2. 41E  00 

60.00 

1.62E  00 

70.00 

1. 13E  00 

80.00 

8.08E-01 

90.00 

5.93E-01 

100.00 

4.  4 1E-0 1 

B#T  * 15.0  G/CB2  R#T  * 0.0  G/CH2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

BEB 

BEB 

1.77E  01 

1.89E  02 

1.62E  01 

1.25E  02 

1.37E  01 

7.04E  01 

1.  17E  01 

4.65E  01 

9.47E  00 

2.88E  01 

6.89E  00 

1.56E  01 

5.19E  00 

9.63E  00 

4.01E  00 

6.37E  00 

3. 16E  00 

4. 4 IE  00 

2.54E  00 

3.16E  00 

2.06E  00 

2.32E  00 

1.69E  00 

1.73E  00 

1.41E  00 

1.32E  00 

9. 9 IE-01 

7 . 86E-0 1 

7. 18E-01 

4.85E-01 

5.30E-01 

3.06E-01 

3.97E-01 

1.97E-01 

3. 03E-0 1 

1.28E-01 

DOSE  EQUIVALENT 
a.T  * 15.0  G/CH2 
WITH 

ATTENUATION 

BEN 

1.43E  01 
1.  29  E 0 1 
1.07S  01 
8. 93E  00 
6. 97E  00 
4.  78E  00 

3.  40E  00 
2. 4 9 E 00 
1.85E  00 

1.  40 E 00 
1.07E  00 
8. 33E-01 
6. 51E-01 

4.  05E-01 

2.  58E-01 
1. 67E-01 
1. 095-01 
7.  26E-02 
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TAB1.K  A2.146 


PHOTONS  AS  INCIDENT  PAPTICLES  SHIELD  MATERIAL  COPPEP 
RIGIDITY  OF  FLARE  * 150.  (HV) 

ABSOPBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


B #T  = 0.0  G/CH2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R*  S CG/CM2) 

RAD 

2.00 

2.37E 

02 

3.00 

1.69E 

02 

5.00 

1.07E 

02 

7.00 

7.  64E 

01 

10.00 

5.  2 1 E 

01 

15.00 

3.24E 

01 

20.00 

2.  24E 

01 

25.00 

1.65E 

01 

30.00 

1. 26E 

01 

35.00 

9.97E 

00 

40.00 

8.05E 

00 

45.00 

6.60E 

00 

50.00 

5.  50E 

00 

60.00 

3.93E 

00 

70.00 

2.  9 1 E 

00 

80.00 

2.20E 

00 

90.00 

1.70E 

00 

100.00 

1.34E 

00 

’ * 15.0  G/CH2 

R.T  * 0.0  G/C 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

1.62E  01 

2.33E  02 

1.54E  01 

I.65E  02 

1.38E  01 

1.02E  02 

1 • 24  E 01 

7.21E  01 

1.08E  01 

4.81E  01 

8.60E  00 

2.88E  01 

7. 0 IE  00 

1.92E  01 

5.80E  00 

1.37E  01 

4.06E  00 

1.01E  01 

4.12E  00 

7. 7 IE  00 

3.52E  00 

6.00E  00 

3.03E  CO 

4.76E  00 

2.62E  00 

3.82E  00 

2.00E  00 

2.55E  00 

1.56E  00 

1.76E  00 

1.23E  00 

1.24E  00 

9.  82E»01 

8.98E-01 

7.93E-01 

6.58E-01 

ABSOPBED  DOSE 
* 15.0  G/CH2 
WITH 

ATTENUATION 

RAD 

1.33E  01 
1.25E  01 

1.  10  E 0 1 
9.82E  00 
8. 312  00 
6.42E  00 
5.06E  00 
4. OSS  00 
3.27E  00 
2.68E  00 

2.  2 1 £ 00 
1.84S  00 
1.  54 E 00 
1. 09E  00 
7.  94E-0  1 
5. 84E-01 
4. 35E-01 
3. 27E-01 
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TABLE  A2.147 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 150.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


R #T  = 0.0  G/CM2  R,T  *=  15.0  G/CM2 


R #X  * 0.0  S/CM2 


SHIELD  WITHOUT  WITHOUT 

DEPTH  ATTENUATION  ATTENUATION 


WITH 

ATTENUATION 


R.S  (G/CM2)  REM 


2.00 

3.90E 

02 

3.00 

2.  62E 

02 

5.00 

1.54E 

02 

7.00 

1.06E 

02 

10.00 

6.98E 

01 

15.00 

4.  18E 

01 

20.00 

2.82E 

01 

25.00 

2.  04  E 

01 

30.00 

1.55E 

01 

35.00 

1.21E 

01 

40.00 

9.67E 

00 

45.00 

7.88E 

00 

50.00 

6.52E 

00 

60.00 

4.  62E 

00 

70.00 

3.39E 

00 

80.00 

2.  56  E 

00 

90.00 

1.97E 

00 

100.00 

1.  54E 

00 

RES  HEM 


1.90E 

01 

3.842 

02 

1.79E 

01 

2.56E 

02 

1.60E 

01 

1.48E 

02 

1.44E 

01 

1.00E 

02 

1.24E 

01 

6.45E 

01 

9.83E 

00 

3.72E 

01 

7.97E 

00 

2.42E 

01 

6.57E 

00 

1.69E 

01 

5.48E 

00 

1.24E 

01 

4.62E 

00 

9.33E 

00 

3.94E 

00 

7.21E 

00 

3.38E 

00 

5.67E 

00 

2.92E 

00 

4.53E 

00 

2.22E 

00 

2. 99E 

00 

1.72E 

00 

2.  05E 

00 

1.35E 

00 

1.44E 

00 

1.08E 

00 

1.03E 

00 

8.70E- 

01 

7.55E-01 

DOSE  EQUIVALENT 
a,?  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1. 5«K  01 
1. 45E  01 
1.  28E  01 

1.  13E  01 
9.54E  00 
7.32E  00 
5. 74 E 00 
4.56E  00 
3.68E  00 
3.00E  00 
2.47S  00 

2.  04 E 00 
1.71E  00 
1.  2 1 E 00 
8.  752-01 
6.42E-01 
4. 77E-01 

3.  58E-01 


TABLE  A2.148 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUHI HUM 
RIGIDITY  OF  FLARE  = 175.  (HV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R.T  = 0.0  G/CM2 

R.T  * 15.0  G/CH2 

R.T  * 0.0  G/CH2 

R.T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R»  S (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.88E  02 

2.01E  01 

1.84E  02 

1.  64E  01 

3.00 

1.38E  02 

1.90E  01 

1.34E  02 

1.54S  01 

5.00 

9.07E  01 

1 . 7 IE  01 

8.57E  01 

1. 35E  01 

7.00 

6.70E  01 

1.54E  01 

6.21E  01 

1.  20 E 01 

10.00 

4.73E  01 

1.34E  01 

4.26E  01 

1.01E  01 

15.00 

3.07E  01 

1.07E  01 

2 • 64E  01 

7.79S  00 

20.00 

2.20E  01 

8.80E  00 

1.80E  01 

6.  1 1 E 00 

25.00 

1.66E  01 

7 • 34E  00 

1.31E  01 

4.  88 E 00 

30.00 

1.31E  01 

6.20E  00 

9.80E  00 

3.94S  00 

35.00 

1.05E  01 

5.29E  00 

7.56E  00 

3.21E  00 

40.00 

8.66E  00 

4.55E  00 

5.95E  00 

2.65E  00 

45.00 

7.23E  00 

3.95E  00 

4.75E  00 

2.  20E  00 

50.00 

6.11E  00 

3.45E  00 

3. 84E  00 

1.83E  00 

60.00 

4.50E  00 

2.68E  00 

2.59E  00 

1. 30E  00 

70.00 

3.42E  00 

2.11E  00 

1.80E  00 

9. 355-01 

80.00 

2.  65E  00 

1.69E  00 

1.27E  00 

6.  82E-01 

90.00 

2.10E  00 

1.37E  00 

9. 17E-01 

5. 035-0 1 

100.00 

1.68E  00 

1.12E  00 

6.70E-01 

3.  74E-01 

TABLE  A2.149 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  MATEBIAL  ALUHINUH 


RIGIDITY  OF 

FLARE  * 175.  (HV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R #T  = 0.0  G/CM2 

R,T  = 15.0  G/CH2 

B,T  = 0.0  G/CH2 

B,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

REH 

REH 

REH 

REH 

2.0  0 

2.  78E  02 

2.32E  01 

2.73E  02 

1.89E  01 

3.  00 

1.94E  02 

2.19E  01 

1.88E  02 

1. 76E  01 

5.00 

1.21E  02 

1.96E  01 

1.1 4E  02 

1. 55E  01 

7.00 

8.62E  01 

1.76E  01 

7.98E  01 

1. 37E  01 

10.00 

5.91E  01 

1.52E  01 

5.31E  01 

1.  15E  01 

15.00 

3.72E  01 

1.21E  01 

3.19E  01 

8.76E  00 

20.00 

2.61E  01 

9.87E  00 

2.14E  01 

6. 84 E 00 

25.00 

1.95E  01 

8.19E  00 

1.53E  01 

5.43E  00 

30.  00 

1.52E  01 

6.89E  00 

1.1 4E  01 

4. 37E  00 

35.00 

1.21E  01 

5.86E  00 

8.70E  00 

3. 56E  00 

40.00 

9.92E  00 

5.03E  00 

6.80E  00 

2. 92E  00 

45.00 

8.25E  00 

4.36E  00 

5.40E  00 

2. 42E  00 

50.00 

6.94E  00 

3.80E  00 

4.35E  00 

2.  0 1 E 00 

60.00 

5.07E  00 

2.93E  00 

2.91E  00 

1.  42E  00 

70.00 

3.83E  00 

2.31E  00 

2.01E  00 

1.  02E  00 

80.00 

2.96E  00 

1.84E  00 

1.42E  00 

7. 42E-01 

90.00 

2.33E  00 

1.49E  00 

1.02E  00 

5. 46E-0 1 

100. 00 

1.86E  00 

1.22E  00 

7.4  1E-0  1 

4. 05E-01 
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TABLE  A2.150 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 175.  (MV) 


ABSORBED  DOSE 

ABSORBED  DDSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R . T * 0.0  G/CM2 

R#T  * 15.0  G/CM2 

R,T  * 0.0  G/CM2 

B,T  * 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.41E  02 

1.93E  01 

1.37E  02 

1.57E  01 

3.00 

1.03E  02 

1.79E  01 

9.75E  01 

1.43E  01 

5.00 

6.58E  01 

1.56E  01 

6.09E  01 

1.  22E  01 

7.00 

4.77E  01 

1.36E  01 

4.30E  01 

1.04E  01 

10.00 

3.30E  01 

1.1 4E  01 

2.87E  01 

8.  40E  00 

15.00 

2.08E  01 

8.67E  00 

1.70E  01 

6. 05E  00 

20.00 

1.45E  01 

6.81E  00 

1.1 2E  01 

4.  48 E 00 

25.00 

1.07E  01 

5.46E  00 

7.80E  00 

3.  4 OE  00 

30.00 

8.21E  00 

4.46E  00 

5.65F  00 

2.62E  00 

35.00 

6.48E  00 

3.70E  00 

4.21E  00 

2.04E  00 

40.00 

5.  22E  00 

3. 10E  00 

3.20E  00 

1.  61E  00 

45.00 

4.28E  00 

2.62E  00 

2.48E  00 

1. 28E  00 

50.00 

3.55E  00 

2.23E  00 

1.94E  00 

1.03E  00 

60.00 

2.52E  00 

1.65E  00 

1.22E  00 

6. 74E-01 

70.00 

1.85E  00 

1.25E  00 

7.93E-01 

4.  48E-0 1 

80.00 

1.39E  00 

9.66E-0 1 

5.24E-01 

3. 02E-01 

90.00 

1.07E  00 

7.54E-01 

3.52E-01 

2.06E-01 

100.00 

8.29E-01 

5.97E-01 

2.39E-01 

1. 42E-01 
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TABLE  A2.151 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OP  FLARE  * 175.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


B#T  = 0.0  G/CM2 


R,T  - 15.0  G/CH2  R#T  = 0.0  G/CB2 


SHIELD  WITHOUT 


WITHOUT 


WITH 


DEPTH 

ATTENUATION 

H.S  (G/CH2) 

REM 

2.00 

1.89E  02 

3.00 

1.32E  02 

5.00 

8. 1 1E  01 

7.00 

5.74E  01 

10.00 

3.88E  01 

15.00 

2.39E  01 

20.00 

1.64E  01 

25.00 

1.20E  01 

30.00 

9.15E  00 

35.00 

7.  18E  00 

40.00 

5.76E  00 

45.00 

4.70E  00 

50.00 

3.89E  00 

60.00 

2.75E  00 

70.00 

2.01E  00 

60.00 

1.51E  00 

90.00 

1.15E  00 

100.00 

8. 93E-01 

ATTENUATION 

ATTENUATION 

REM 

REM 

2.23E  01 

1.83E  02 

2.06E  01 

1.25E  02 

1.78E  01 

7.49E  01 

1.55E  01 

5.16E  01 

1.28E  01 

3.36E  01 

9.72E  00 

1.95E  01 

7.59E  00 

1.26E  01 

6.06E  00 

8.72E  00 

4.93E  00 

6.28E  00 

4.07E  00 

4.65E  00 

3.40E  00 

3.53E  00 

2.86E  00 

2.72E  00 

2.44E  00 

2. 12E  00 

1.80E  00 

1.33E  00 

1.36E  00 

8. 6 1E**0  1 

1.04E  00 

5. 67E-0 1 

8.  14E-01 

3.80E-01 

6.42E-01 

2.58E-01 

DOSE  EQUIVALENT 
B,T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1.80E  01 
1.  64 E 31 
1. 39E  01 

1.  18E  01 
9.46E  00 
6.  76 E 00 
4. 98E  00 
3. 76E  00 
2. 88E  00 

2.  25E  00 
1. 77E  00 
1. 40E  00 
1.  12E  00 
7. 33E-0 1 
4. 86E-01 
3.27E-01 
2. 23E-01 
1. 53E-01 
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TABLE  A2.152 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 175,  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  - 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  * 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

2.22E  02 

2.05E  01 

2.19E  02 

1.67E  01 

3.00 

1.64E  02 

1.95E  01 

1.60E  02 

1.58E  01 

5.00 

1.08E  02 

1.77E  01 

1.04E  02 

1.42E  01 

7.00 

8.06E  01 

1.62E  01 

7.62E  01 

1.28E  01 

10.00 

5.74E  01 

1.43E  01 

5.3  IE  01 

1. 10E  01 

15.00 

3.77E  01 

1.17E  01 

3.36E  01 

8.77E  00 

20.00 

2.72E  01 

9.82E  00 

2.34E  01 

7.09E  00 

25.00 

2.08E  01 

8.32E  00 

1.72B  01 

5. 80S  00 

30.00 

1.65E  01 

7.13E  00 

1.32E  01 

4. 80S  00 

35.00 

1.34E  01 

6.17E  00 

1.03E  01 

4.  0 1 E 00 

40.00 

1.  11E  Cl 

5.38E  00 

8.28E  00 

3.  38E  00 

45.00 

9.33E  00 

4.72E  00 

6.73E  00 

2.86E  00 

50.00 

7.95E  00 

4.  17E  00 

5.53E  00 

2.44E  00 

60.00 

5.93E  00 

3.30E  00 

3.85E  00 

1.80E  00 

70.00 

4.56E  00 

2.65E  00 

2.76E  00 

1.35E  00 

80.00 

3.59E  00 

2.16E  00 

2.03E  00 

1.02E  00 

90.00 

2.87E  00 

1.78E  00 

1.51E  00 

7. 86E-01 

100.00 

2.33E  00 

1.48E  00 

1.  14E  00 

6. 08E-01 
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TABLE  A2.153 


PHOTONS  AS  INCIDENT  PAHTICIES  SHIELD  HATEBIAL  COPPEH 
BIGIDITY  OP  FLABE  * 175#  (HV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


SHIELD 


0.0  G/CH2 

B,T  = 15.0  G/CH2 

H#T  = 0.0  G/CH2 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

B#  S (G/CH2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 

90.00 

100.00 


ATTENUATION 

BEH 

3.  56 E 02 
2.48E  02 
1.54E  02 
1.  10 E 02 
7.55E  01 

4.  78E  01 
3.382  01 
2.54E  01 
1.99E  01 
1.60E  01 
1.31E  01 
1.  10E  01 
9.31E  00 
6.  89E  00 
5.26E  00 
4. 1 1 E 00 
3.28E  00 
2.65E  00 


ATTENUATION 

BEH 

2.36E  01 
2.25E  01 
2.04E  01 
1.85E  01 
1.62E  01 
1.33E  01 
1.10E  01 
9.32E  00 
7.96E  00 
6.86E  00 
5.97E  00 
5.22E  00 
4.60E  00 
3.62E  00 
2.90E  00 
2.36E  00 
1.94E  00 
1.61E  00 


ATTENUATION 

BEH 

3.52E  02 
2.43E  02 
1.48E  02 
1.04E  02 
6.98E  01 
4.26E  01 
2.90E  01 
2.10E  01 
1.59E  01 
1.23E  01 
9.80E  00 
7.91E  00 
6.47E  00 
4.47E  00 
3.  18E  00 
2.32E  00 
1.72E  00 
1.30E  00 


B,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

HEM 

1. 93E  01 
1.  82E  01 
1. 63E  0 1 
1.46E  01 
1.25E  01 
9. 90E  00 
7. 96E  00 
6.49E  00 
5.  35E  00 
4.  45E  00 
3. 74E  00 
3. 1 6 E 00 
2.69E  00 
1. 98E  00 
1. 48E  00 
1. 12E  00 
8. 56E-01 
6. 61E-01 


TABLE  A2.154 


PHOTONS  AS  INCIDENT  PABTICLES  SHIELD  HATEBIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 200.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 

R*T  = 0.0  G/CH2  R#  T = 15.0  G/CM2  R 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

2.00 

1.80E 

02 

2.38E 

01 

3.00 

1.36E 

02 

2.26E 

01 

5.00 

9.24E 

01 

2.05E 

01 

7.00 

7.02E 

01 

1.87E 

01 

10.00 

5.13E 

01 

1.65E 

01 

15.00 

3.48E 

01 

1.36E 

01 

20.00 

2.58E 

01 

1.  14E 

01 

25.00 

2.01E 

01 

9.68E 

00 

30.00 

1.62E 

01 

8.33E 

00 

35.00 

1.34E 

01 

7.23E 

00 

40.00 

1.12E 

01 

6.33E 

00 

45.00 

9.  56 E 

00 

5.58E 

00 

50.00 

8.23E 

00 

4.95E 

00 

60.00 

6.28E 

00 

3.95E 

00 

70.00 

4.91E 

00 

3.21E 

00 

80.00 

3.93E 

00 

2.64E 

00 

90.00 

3.19E 

00 

2.19E 

00 

100.00 

2.62E 

00 

1.84E 

00 

ABSORBED  DOSE  ABSORBED  DOSE 


= 0.1 

0 G/2M2 

R,T  = 15.0 

i G/CM2 

WITH 

WITH 

ATTENUATION 

ATTENUA 

TION 

RAD 

RAD 

1.76E 

02 

1.  94E 

01 

1.31E 

02 

1. 83E 

01 

8.74E 

01 

1. 63E 

01 

6.51E 

01 

1. 46E 

01 

4.62E 

01 

1. 25E 

01 

2 * 99E 

01 

9.  86 E 

00 

2. 12E 

01 

7.  90E 

00 

1.58E 

01 

6.  43 E 

00 

1.21E 

01 

5.  29E 

00 

9.59E 

00 

4.  40E 

00 

7.70E 

00 

3.  68E 

00 

6.28E 

00 

3.  1 0 E 

00 

5.  17E 

00 

2.63E 

00 

3.60E 

00 

1. 92E 

00 

2.58E 

00 

1. 42E 

00 

1.88E 

00 

1. 06E 

00 

1.39E 

00 

8. 00E- 

01 

1.04E 

00 

6.09E- 

01 

- -H 


TABLE  A2.155 


PHOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  * 200.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


R.T  « 0. 

0 G/CM2 

R,T  * 15. 

0 G/CM2 

R.T  = 0. 

0 G/CM2 

B,T  = 15. 

0 G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CH2) 

REM 

REM 

REM 

REM 

2.00 

2.61E 

02 

2.72E 

01 

2.56E 

02 

2.21E 

01 

1 

3.00 

1.87E 

02 

2.58E 

01 

1.81E 

02 

2.  08E 

01 

5.00 

1.21E 

02 

2.33E 

01 

1.1 4E 

02 

1.  85E 

01 

7.00 

8.91E 

01 

2.12E 

01 

8.26E 

01 

1.65E 

01 

-» 

10.00 

6.  33 E 

01 

1.86E 

01 

5.69E 

01 

1. 4 IE 

01 

- ! 

15.00 

4. 17E 

01 

1.52E 

01 

3.57E 

01 

1.  10E 

01 

a 

20.00 

3.03E 

01 

1.27E 

01 

2.48E 

01 

8.  78 E 

00 

25.00 

2.33E 

01 

1.07E 

01 

1.83E 

01 

7.  1 1 E 

00 

j 

30.00 

1.36E 

01 

9. 19E 

00 

1.40E 

01 

5.83E 

00 

35.00 

1.53E 

01 

7.96E 

00 

1.09E 

01 

4.  83E 

00 

40.00 

1.27E 

01 

6.95E 

00 

8.73E 

00 

4.  03E 

00 

45.00 

1.08E 

01 

6.11L 

00 

7.08E 

00 

3.  39E 

00 

50.00 

9.26E 

00 

5.41E 

00 

5.81E 

00 

2.87E 

00 

60.00 

7.01E 

00 

4.30E 

00 

4.02E 

00 

2.  08E 

00 

70.00 

5.46E 

00 

3.48E 

00 

2.86E 

00 

1.  53E 

00 

I 

80.00 

4.35E 

00 

2.85E 

00 

2.  08E 

00 

1.  15E 

00 

90.00 

3.  52E 

00 

2.37E 

00 

1.53E 

00 

8.  63E« 

-01 

1 

100.00 

2.88E 

00 

1.98E 

00 

1. 14E 

00 

6.  56E* 

-01 

TABLE  A2.156 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  * 200.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R.T  * 0.0  G/CM2 

R#T  = 15.0  G/CH2 

R,T  = 0.0  G/CM2 

B,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

(G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.38E  02 

2.29E  01 

1.34E  02 

1.  86E  01 

3.00 

1.03E  02 

2.  14E  01 

9.82E  01 

1.72E  01 

5.00 

6.90E  01 

1.89E  01 

6.39E  01 

1.48E  01 

7.00 

5.  17E  01 

1.68E  01 

4.66E  01 

1.29E  01 

10.00 

3.71E  01 

1.43E  01 

3.22E  01 

1.06E  01 

15.00 

2.45E  01 

1.12E  01 

2.01E  01 

7.82E  00 

20.00 

1.77E  01 

9.05E  00 

1.37E  01 

5. 96E  00 

25.00 

1.35E  01 

7.44E  00 

9.87E  00 

4. 62E  00 

30.00 

1.07E  01 

6.22E  00 

7.36E  00 

3.  64E  00 

35.00 

8.66E  00 

5.26E  00 

5.63E  00 

2. 90E  00 

40.00 

7.15E  00 

4.50E  00 

4.38E  00 

2.34E  00 

45.00 

5.  99E  00 

3.88E  00 

3.46E  00 

1. 90E  00 

50.00 

5.08E  00 

3.36E  00 

2.77E  00 

1.55E  00 

60.00 

3.75E  00 

2.58E  00 

1.81E  00 

1.05E  00 

70.00 

2.85E  00 

2.02E  00 

1.22E  00 

7. 18E-01 

80.00 

2.22E  00 

1.61E  00 

8.30E-01 

4. 99E-01 

90.00 

1.75E  00 

1.29E  00 

5.74E-01 

3. 50E-01 

100.00 

1.40E  00 

1.05E  00 

4.0 1E-0 1 

2. 47E-01 

TABLE  A2.157 


\ 

\ 


PBOTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 200,  (MV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R.T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R» S (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

1.83E  02 

2.62E  01 

1.76E  02 

2.  12E  01 

3.00 

1.31E  02 

2.44E  01 

1.25E  02 

1. 95E  01 

5.00 

8. 40 E 01 

2.14E  01 

7.77E  01 

1.  6 7 E 0 1 

7.00 

6.14E  01 

1.89E  01 

5.53E  01 

1. 44E  0 1 

10.00 

4.31E  01 

1.60E  01 

3.74E  01 

1. 18E  01 

15.00 

2.79E  01 

1.25E  01 

2.28E  01 

8.  68E  00 

20.00 

1.99E  01 

1.00E  01 

1.54E  01 

6. 57E  00 

25.00 

1.51E  01 

8.19E  00 

1.  10E  01 

5.08E  00 

30.00 

1.  18E  01 

6.82E  00 

8.12E  00 

3.99E  00 

35.00 

9.52E  00 

5.75E  00 

6.18E  00 

3.  17E  00 

40.00 

7. 83E  00 

4.90E  00 

4.79E  00 

2.  54 E 00 

45.00 

6.54E  00 

4.21E  00 

3.77E  00 

2.06E  00 

50.00 

5.  53E  00 

3.65E  00 

3.01E  00 

1.68E  00 

60.00 

4.06E  00 

2.79E  00 

1.96E  00 

1.  13E  00 

70.00 

3.  08E  00 

2.18E  00 

1.31E  00 

7. 75E-01 

80.00 

2.39E  00 

1.73E  00 

8.94E-01 

5. 37E-01 

90.00 

1.88E  00 

1.39E  00 

6.17E-01 

3. 76E-01 

100.00 

1.50E  00 

1.13E  00 

4.30E-01 

2. 66E-01 
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TABLE  A2.158 


R??rn?lvAA»I2fJ»=NT  Pi8TICI-ES  SHIELD  HATEBIAL  COPPER 
RIGIDITY  OF  FLARE  = 200.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 

R,T  = 0.0  G/CM2  R#T  = 15.0  G/CM2 

SHIELD  WITHOUT  WITHOUT 

DEpTH  ATTENUATION  ATTENUATION 


R#  S (G/CH2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

2.  10E  02 
1.59E  02 
1.09E  02 
8.  31E  01 
6.12E  01 
4.  19E  01 
3.13E  01 
2.45E  01 
1.99E  01 
1.66E  01 
1.40E  01 
1.20E  01 
1.04E  01 
8. 02E  00 
6.35E  00 
5. 14E  00 
4.21E  00 
3.50E  00 


RAD 

2.42E  01 
2.31E  01 
2.12E  01 
1.96E  01 
1.75E  01 
1.47E  01 
1.25E  01 
1.08E  01 
9.44E  00 
8.29E  00 
7. 34E  00 
6.54E  00 
5.85E  00 
4.76E  00 
3.92E  00 
3.27E  00 
2.75E  00 
2.34E  00 


ABSORBED  DOSE 


ABSORBED  DOSE 


R#T  - 0.0  G/CM2 

WITH 

ATTENUATION 

RAD 

2.07E  02 
1.55E  02 
1.05E  02 
7.86E  01 
5.65E  01 
3.73E  01 
2.69E  01 
2.04E  01 
1.60E  01 
1.28E  01 
1.05E  01 
8.66E  00 
7.25E  00 
5.21E  00 
3.85E  00 
2.90E  00 
2.22E  00 
1.72E  00 


R,T 


15.0  G/CM2 


WITH 


ATTENUATION 


RAD 

1.  98E  01 
1. 88E  01 
1.70E  01 
1. 55E  01 
1.36E  01 
1.  1 0E  01 
9. 06E  00 
7. 55 E 00 
6.36E  00 
5.40E  00 
4.61E  00 
3.  97E  00 
3. 43E  00 
2. 60E  00 
2.00E  00 
1.  55E  00 
1. 22E  00 
9. 6 1E-0  1 


TABLE  A2.159 


PROTONS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  * 200.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

B,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REM 

REM 

REM 

REM 

2.00 

3.29E  02 

2.76E  01 

3.25E  02 

2. 26E  01 

3.00 

2.35E  02 

2.64E  01 

2.30E  02 

2. 14E  01 

5.00 

1.51E  02 

2.42E  01 

1.45E  02 

1.93E  01 

7.00 

1.11E  02 

2.22E  01 

1.05E  02 

1.75E  01 

10.00 

7.92E  01 

1.97E  01 

7.32E  01 

1.53E  01 

15.00 

5.24E  01 

1.65E  01 

4.66E  01 

1.23E  01 

20.00 

3.83E  01 

1.40E  01 

3.29E  01 

1. 0 IE  01 

25.00 

2.96E  01 

1.20E  01 

2.45E  01 

8.38E  00 

30.00 

2.  37E  01 

1.05E  01 

1.90E  01 

7. 03E  00 

35.00 

1.95E  01 

9.16E  00 

1.51E  01 

5. 95E  00 

40.00 

1.64E  01 

8.09E  00 

1.22E  01 

5.07E  00 

45.00 

1.40E  01 

7.18E  00 

1.01E  01 

4.35E  00 

50.00 

1.21E  01 

6.42E  00 

8.39E  00 

3.75E  00 

60.00 

9.22E  00 

5.19E  00 

5.98E  00 

2. 83E  00 

70.00 

7.25E  00 

4.27E  00 

4.39E  00 

2.  1 7E  00 

80.00 

5.83E  00 

3.55E  00 

3.29E  00 

1.68E  00 

90.00 

4.76E  00 

2.98E  00 

2.50E  00 

1.31E  00 

100.00 

3.94E  00 

2.53E  00 

1.93E  00 

1.04E  00 
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TABLE  A2.160 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 50.  (MV) 


ABSORBED  DOSE 


R*T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CH2) 

RAD 

2.00 

4.  39E  00 

3.00 

9. 87E-01 

5.00 

1. 16E-01 

7.00 

2.3  7E-02 

10.00 

3.63E-03 

15.00 

3. 24E-04 

20.00 

4.73E-05 

25.00 

9. 19E-06 

30.00 

2. 17E-06 

35.00 

5.90E-07 

40.00 

1.79E-07 

45.00 

5.91E-08 

50.00 

2.09E-08 

60.00 

3.  09E-09 

70.00 

5.40E-10 

80.00 

1. 08 E- 10 

90.00 

2.36E-11 

100.00 

5.67E-12 

ABSORBED  DOSE 

ABSORBED  DOSE 

T = 15.0  G/CM2 

R #T  = 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

3. 0 IE- 05 

4.17E  00 

2. 16E-05 

9. 16E-01 

1.14E-05 

1.03E-01 

6.20E-06 

1.99E-02 

2.62E-06 

2.82E-03 

7.00E-07 

2.22E-04 

2.09E-07 

2.86E-05 

6.83E-08 

4. 9 IE-06 

2.39E-08 

1.02E-06 

8.9  IE-09 

2.45E-07 

3.48E-09 

6.57E-08 

1.42E-09 

1 • 9 IE-08 

6.02E-10 

5.96E-09 

1.  19E-10 

6.84E-10 

2.59E-1 1 

9.30E-11 

6.20E-12 

1.44E-1 1 

1.58E-12 

2.46E-12 

4.28E-13 

4.60E-13 

ABSORBED  DOSE 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

1.  48E-05 
1. 04E-05 
5. 20E-06 
2. 70E-06 
1. 06E-06 
2. 50E-07 
6. 6 IE-08 
1. 90E-08 
5. 90E-09 
1. 94E-09 
6. 66E- 10 
2. 41E-10 
9.01E-11 
1.  38E-1 1 
2. 36E-12 
4. 38E-13 
8. 70E-14 
1. 83E-14 
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TABLE  A2.161 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 


RIGIDITY  OF 

FLARE  = 50.  (MV) 

DOSE  EQUIVALENT 

— — - MW  V/U  VIU 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 


R#  S (G/CM2) 
2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


REM 

2. 55E  01 

5.28E  00 

5.  6 IE-01 

1.07E-01 

1.52E-02 

1.25E-03 

1.71E-04 

3.19E-05 

7.28E-06 

1.92E-06 

5. 69E-07 

1.84E-07 

6. 37E-08 

9. 1 1E-09 

1.  55E-09 

3.02E-10 

6. 51E-11 

1.54E-11 


REM 

1.04E-04 

7.4  IE-05 

3.83E-05 

2.06E-05 

8.53E-06 

2.2  IE-06 

6.45E-07 

2.06E-07 

7.06E-08 

2.59E-08 

9.95E-09 

3.99E-09 

1.67E-09 

3.24E-10 

6.92E-11 

1.6  3E-1 1 

4. 10E-12 

1. 10E-12 


REM 

2.42E  01 
4.90E  00 
4.95E-01 
8.95E-02 
1. 18E-02 
8.55E-04 
1.04E-04 
1.70E-05 
3.43E-06 
7.97E-07 
2.08E-07 
5.93E-08 
1 • 8 IE-08 
2.02E-09 
2.67E-10 
4.05E-1 1 
6.78E-12 
1.25E-12 


REM 

5.  05E-05 
3. 49E-05 
1. 72E-05 
8. 80E-06 
3. 38E-06 
7. 74E-07 
1. 99E-07 
5. 59E-08 
1. 70E-08 

5.  49E-09 
1. 86E-09 
6. 62E-10 
2. 45E-10 
3. 67E-1 1 

6.  13E-12 
1. 12E-12 
2.  20E-13 
4. 55E-14 


TABLE  A2.162 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 50,  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 

R,T  = 0.0  G/CM2  R,T  = 15.0  G/CM2  R#T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CH2) 

RAD 

2.00 

1.20E  00 

3.00 

2.38E-01 

5.00 

2. 34E-02 

7.00 

4. 1 1E-03 

10.00 

5.25E-04 

15.00 

3.67E-05 

20.00 

4.  33E-06 

25.00 

6.99E-07 

30.00 

1.39E-07 

35.00 

3. 22E-08 

40.00 

8.41E-09 

45.00 

2.39E-09 

50.00 

7.  39E-10 

60.09 

8.36E-11 

70.00 

1. 14E-11 

80.00 

1.78E-12 

90.00 

3.09E-13 

100.00 

5.92E-14 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

2.37E-05 

1.03E  00 

1.52E-05 

1.93E-01 

6. 58E-06 

1.71E-02 

3.00E-06 

2. 74E-03 

1.00E-06 

3.05E-04 

1.93E-07 

1.71E-05 

4.34E-08 

1.63E-06 

1.1  IE-08 

2. 13E-07 

3. 10E-09 

3.42E-08 

9.42E-10 

6.43E-09 

3.05E-10 

1.35E-09 

1.04E-10 

3. 13E-10 

3.73E-11 

7.80E-1 1 

5. 40 E- 12 

5.76E-12 

8.82E-13 

5. 12E-13 

1.60E-13 

5. 19E-14 

3.  15E-14 

5.91E-15 

6. 68E* 1 5 

7.35E-16 

ABSORBED  DOSE 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

1. 12E-05 
6. 89E-06 
2. 74E-06 
1. 15E-06 
3.38E-07 
5.  24E-08 
9. 55E-09 
1. 97E-09 
4. 46E-10 
1. 10E-10 
2.  87E-11 
7.  9 IE-  1 2 
2.29E-12 
2.  16E-13 
2.  29E-14 
2. 7 IE- 15 
3.47E-16 
4.74E-17 
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TABLE  A2.163 


RTrTnT*vSnpM*??D2T  PABT1C“S  SHIELD  HA.TEfilAL  POLYEI HYLENE 
RIGIDITY  OF  FLARE  * 50.  (MV) 

DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


SHIELD 


0.0  G/CM2 

R,T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

R,S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 

90.00 

100.00 


ATTENUATION 

REM 

6.25E  00 

1.  14E  00 
1 • 0 1E-0 1 
1.65E-02 
1.96E-03 
1. 27E-04 
1.41E-05 

2.  18E-06 
4.20E-07 
9. 46E^08 
2. 4 IE-08 
6. 72E-09 
2.03E-09 
2. 24E-10 
2.97E-11 
4.  55E-12 
7.75E-13 
1.46E-13 


ATTENUATION 

REM 

8. 14E-05 

5. 15E-05 

2. 18E-05 

9.79E-06 

3. 19E-06 

5. 9 IE- 07 

1.29E-07 

3.22E-08 

8.82E-09 

2.63E-09 

8.39E-10 

2.82E-10 

9.95E-11 

1.4  IE- 11 

2. 26 E- 12 

4.02E-13 

7.84E-14 

1.64E-  14 


ATTENUATION 

REM 

5.33E  00 

9.19E-01 

7.30E-02 

1.09E-02 

1. 12E-03 

5. 76E-05 

5.  17E-06 

6.45E-07 

1.00E-07 

1.83E-08 

3. 76E-09 

8.50E-10 

2.08E-10 

1.49E-1 1 

1.29E-12 

1.28E-13 

1.43E-14 

1.76E-15 


DOSE  EQUIVALENT 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

3. 78E-05 
2. 30E-05 
8. 93E-06 
3. 66E-06 
1. 05E-06 
1. 57E-07 
2. 78E-00 
5. 58E-09 
1. 24E-09 
2. 99E-10 
7.  69E-1 1 
2. 08E-1 1 
5. 96E-12 
5. 49E-13 
5.  71E-14 
6. 64E-15 
8. 38E- 16 
1. 13E-16 
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TABLE  A2.164 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 50.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 


R,T  = 0.0  G/CM2  R,T  = 15.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

RAD 

RAD 

2.00 

8.94E  00 

3.32E-05 

3.00 

2.  1 1 E 00 

2.48E-05 

5.00 

2. 69E-01 

1. 42E-05 

7.00 

5.82E-02 

8.32E-06 

10.00 

9.59E-03 

3.89E-06 

15.00 

9.49E-04 

1.20E-06 

20.00 

1.  50E-04 

4.04E-07 

25.00 

3.15E-05 

1.47E-07 

30.00 

7.99E-06 

5.67E-08 

35.00 

2. 32E-06 

2.30E-08 

40.00 

7.48E-07 

9.79E-09 

45.00 

2.62E-07 

4.31E-09 

50.00 

9.80E-08 

1.96E-09 

60.00 

1.60E-08 

4. 42 E- 10 

70.00 

3.  10E-09 

1. 10E-10 

80.00 

6.78E-10 

2.92E-11 

90.00 

1c  £5E-10 

8.33E-12 

100.00 

4. 31E- 1 1 

2. 5 IE- 12 

ABSORBED  DOSE  ABSORBED  DOSE 


= 0.0  G/CM2 

R,T  = 15.0  G/CM2 

WITH 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

8.66E  00 

1.66E-05 

2.02E  00 

1.  22E-05 

2.49E-01 

6. 79E-06 

5.22E-02 

3. 87E-06 

8. 19E-03 

1. 73E-06 

7.49E-04 

4. 92E-07 

1. 10E-04 

1. 54E-07 

2. 13E-05 

5.  17E-08 

4.99E-06 

1. 84E-08 

1. 34E-06 

6. 95E-09 

3.98E-07 

2. 73E-09 

1.29E-07 

1.  11E-09 

4.46E-08 

4.  67E-10 

6.24E-09 

9.04E-11 

1.03E-09 

1.91E-11 

1.92E-10 

4. 36E-12 

3.99E-11 

1. 06E-12 

8.92E~12 

2.73E-13 

I 

* 


! 

« 

i 

I 

f, 

•. 

t 
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TABLE  A2.165 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 


RIGIDITY  OF  FLARE  * 50.  (MV) 

DOSE  EQUIVALENT 


R.T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

2.00 

5.62E  01 

3.00 

1.22E  01 

5.00 

1.41E  CO 

7.00 

2.  84E-01 

10.00 

4.35E-02 

15.00 

3.96E-03 

20.00 

5.92E-04 

25.00 

1.  19E-04 

30.00 

2.90E-05 

35.00 

8.  17E-06 

40.00 

2.57E-06 

45.00 

8.  78E-07 

50.00 

3.22E-07 

60.00 

5.  1 1E-08 

70.00 

9.62E-09 

80.00 

2.05E-09 

90.00 

4, 89E-10 

100.00 

1.  26  E-  10 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 

R.T  = 15.0  G/CM2  R,T  = 0.0  G/2N2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

1.15E-04 

5.45E  01 

8.56E-05 

1.  17E  01 

4.81E-05 

1.30E  00 

2.78E-05 

2.54E-01 

1.28E-05 

3.71E-02 

3.83E-06 

3. 12E-03 

1.26E-06 

4.32E-04 

4.50E-07 

8.00E-05 

1.71E-C7 

1.8  IE-05 

6.  8 IE- 08 

4. 7 IE-06 

2. 85 E- 08 

1.37E-06 

1.24E-08 

4.32E-07 

5.56E-09 

1.47E-07 

1.23E-09 

1.99E-08 

2.99E-10 

3.20E-09 

7.83E-11 

5.83E-10 

2.20E-11 

1. 18E-10 

6.55E-12 

2.6  IE- 1 1 

DOSE  EQUIVALENT 
R , T = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

5. 68E-05 
4. 15E-05 
2. 26E-05 
1. 27E-05 
5.  56E-06 
1. 54E-06 
4. 71E-07 
1.  55E-07 
5.  42E-08 
2. 01E-08 
7. 77E-09 
3. 12E-D9 
1. 29E-09 
2. 45E-10 
5.  09E-1  1 
1.  14E-1 1 
2. 75E-12 
6. 96E-13 
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TABLE  A2.166 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  KATERIAL  ALUHINUH 
RIGIDITY  OF  FLAPE  * 75.  (HV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R»T  * 0.0  G/CH2 

R#  T « 15.0  G/CH2 

R #T  = 0.0  G/CH2 

B.T  * 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CH2) 

RAD 

RAD 

RAD 

RAD 

2.00 

3.00E  01 

8. 6 IE- 03 

2.85E  01 

4.  27E-03 

3.  00 

1.07E  01 

6.86E-03 

9.88E  00 

3.  32E-03 

5.00 

2.44E  00 

4.44E-03 

2.  15E  00 

2. 05E-03 

7.00 

8.  17E-01 

2.  94E-03 

6.85E-01 

1. 29E-03 

10.00 

2. 26E-01 

1.65E-03 

1.76E-01 

6. 71E-04 

15.00 

4.  35E-02 

6.72E-04 

2.99E-02 

2.  43E-04 

20.00 

1.  17E-02 

2.98E-04 

7, 10E-03 

9. 48E-05 

25. 00 

3.86E-03 

1.40E-04 

2.06E-03 

3. 92E-05 

30. 00 

1.46E-03 

6.89E-05 

6.85E-04 

1. 71E-05 

35.00 

6. 02E-04 

3.54E-05 

2.50E-04 

7. 75E-06 

40.00 

2.69E-04 

1.87E-05 

9.86E-05 

3. 63E-06 

45.00 

1.27E-04 

1.03E-05 

4.1  IE-05 

1. 76E-06 

50.  00 

6.32E-05 

5.77E-06 

1.80E-05 

8. 71E-07 

60.00 

1.74E-05 

1.93E-06 

3.85E-06 

2. 27E-07 

70.00 

5. 38E-06 

6.97E-07 

9.28E-07 

6. 39E-08 

80.00 

1.81E-06 

2.66E-07 

2.43E-07 

1. 90E-08 

90.00 

6. 57E*07 

1.06E-07 

6.85E-08 

5.  90E-09 

100.00 

2.  52E-07 

4.42E-08 

2.04E-08 

1. 91E-09 
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TABLE  A2.167 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OP  FLARE  * 75,  (HV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

B.T  * 0.0  G/CH2 

B.T  * 15.0  G/CH2 

R #T  « 0.0  G/CH2 

R.T  * 15.0  G/CM2 

SHIELD 

HITHOUT 

WITHOUT 

WITH 

WITH 

DFPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

H.S  (G/CH2) 

REH 

REH 

REH 

REH 

2*  00 

1.55E  02 

2. 62E-02 

1.48E  02 

1.27E-0? 

3.00 

5.06E  01 

2.07B-02 

4.70E  01 

9.82E-03 

5.00 

1.04E  01 

1.3  2E-02 

9.18E  00 

5.  94E-03 

7.00 

3.24E  00 

8. 59E-03 

2.72E  00 

3.  69B-03 

10.00 

8.33E-01 

4.71E-03 

6.48E-01 

1. 88E-03 

15.00 

1.47E-01 

1.87E-03 

1 • 0 1E-0 1 

6. 57E-04 

20.00 

3.74E-02 

8.07E-04 

2. 27E-02 

2.51E-04 

25.00 

1.18E-02 

3.70E-04 

6.30E-03 

1.  01E-04 

30.00 

4.  29E-03 

1.79E-04 

2.02E-03 

4.  34E-05 

35.00 

1.72E-03 

9.05E-05 

7. 15B-04 

1. 93E-05 

*0.00 

7.52E-04 

4.72E-05 

2.76E-04 

8. 89E-06 

*5.00 

3.47E-04 

2.55E-05 

1. 12E-04 

4.25E-06 

50.00 

1.70E-04 

1.42B-05 

4.83E-05 

2.  08E-06 

60.00 

4.51E-05 

4.65E-06 

9.99E-06 

5. 30E-07 

70.00 

1.36E-05 

1.64E-06 

2.35E-06 

1. 47B-07 

80.00 

4.50E-06 

6.18E-07 

6.03E-07 

4.28E-08 

90.00 

1.60E-06 

2.44E-07 

1.67E-07 

1.  31E-08 

100.00 

6.03E-07 

9.98E-08 

4.89E-08 

4.  20E-09 

TABLE  A2.168 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 75.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R.T  = 0.0  G/CM2 

R.T  * 15.0  G/CH2 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B.S  (G/CH2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.21E  01 

7.30E-03 

1.04E  01 

3.49E-03 

3.00 

3.96E  00 

5.41E-03 

3.23E  00 

2. 47E-03 

5.00 

8.03E-01 

3.06E-03 

5.93E-01 

1. 29E-03 

7.00 

2.44E-01 

1.80E-03 

1.64E-01 

6. 95E-04 

10.00 

5.99E-02 

8.58E-04 

3. 5 IE-02 

2. 91E-04 

15.00 

9.82E-03 

2.8  IE-04 

4.63E-03 

7. 71E-05 

20.00 

2.  31E-03 

1.03E-04 

8.78E-04 

2. 29E-D5 

25.00 

6.70E-04 

4 • 09E-05 

2.07E-04 

7. 34E-06 

30.00 

2.25E-04 

1.73E-05 

5. 6 IE-05 

2. 53E-06 

35.00 

8.41E-05 

7.79E-06 

1.70E-05 

9.  16E-07 

40.00 

3.  39E-05 

3.65E-06 

5.53E-06 

3.  46E-97 

45.00 

1.46E-05 

1.77E-06 

1.93E-06 

1.  36E-07 

50.00 

6. 6 1E-0 6 

8.88E-07 

7.06E-07 

5. 52E-08 

60.00 

1.52E-06 

2.42E-07 

1.07E-07 

9. 78E-09 

70.00 

3.99E-07 

7.  16E-08 

1.82E-08 

1. 89E-09 

60.00 

1.15E-07 

2.28E-08 

3.40E-09 

3.90E-10 

90.00 

3.55E-08 

7.69E-09 

6.87E-10 

8. 51E-1 1 

100.00 

1.17E-08 

2.71E-09 

1.47E-10 

1. 93E-1 1 
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TABLE  A2.169 


ALPHAS  AS  INCIDENT  PAHTICLES  SHIELD  HATEBIAL  POLYETHYLENE 


tIGIDITY  OP 

FLARE  = 75.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R.T  * 0.0  G/CM2 

R,T  * 15.0  G/CH2 

R.T  = 0.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CM2) 

REH 

BEN 

BEM 

2.00 

5.60E  01 

2.2  IE-02 

4.79E  01 

3. 00 

1.68E  01 

1.62E-02 

1.36E  01 

5*00 

3.06E  00 

8.94E-03 

2.22E  00 

7.00 

8.68E-01 

5. 17E-03 

5.72E-01 

10.00 

1.98E-01 

2.40E-03 

1. 13E-0  1 

15.00 

2.98E-02 

7.59E-04 

1 .37E-02 

20. 00 

6.61E-03 

2.69E-04 

2.  44E-03 

25.00 

1.84E-03 

1.05E-04 

5.49E-04 

30.00 

5.99E-04 

4.34E-05 

1. 44E-04 

35.00 

2.  17E-04 

1.92E-05 

4.23E-05 

40.00 

8.57E-05 

8.84E-06 

1.35E-05 

45.00 

3.60E-05 

4.22E-06 

4.60E-06 

50.  00 

1.61E-05 

2.09E-06 

1.65E-06 

60.00 

3.  59E-06 

5.59E-07 

2.42E-07 

70.00 

9.21F-07 

1.62E-07 

4.  04E-08 

80.00 

2.60E-07 

5.09E-08 

7.39E-09 

90.00 

7.90E-08 

1.69E-08 

1. 47E-09 

100.00 

2. 57E-08 

5.90E-09 

3. 10E-10 

DOSE  EQUIVALENT 
B,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1. 03E-02 
7. 23E-03 
3. 67E-03 
1. 94E-03 
7. 93E-04 
2.  03E-04 
5. 83E-05 
1. 83E-05 
6. 15S-06 
2.  19E-06 
8.  14E-07 
3. 15E-07 
1. 26E-07 
2. 19E-08 
4. 15E-09 
8. 46E-10 
1. 82E-10 
4.  08E-1 1 
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TABLE  A2.170 


£r£5S?wtS^NCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 75,  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE 


ABSORBED  DOSE 


SHIELD 

DEPTH 


1 = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

R.T  = 0.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


RAD 

4.96E  01 
1.82E  01 
4.  38E  00 
1.52E  00 
4. 43E-01 
9. 1 1E- 02 
2.60E-02 
8.99E-03 
3. 54E-03 
1. 53E-03 
7.  1 1E-04 
3.50E-04 
1.80E-04 
5.32E-05 
1.76E-05 
6.33E-06 
2. 44E-06 
9.87E-07 


RAD 

9. 19E-03 

7.55E-03 

5.  17E-03 

3.59E-03 

2. 15E-03 

9.68E-04 

4.65E-04 

2. 35E-04 

1.23E-04 

6.72E-05 

3.77E-05 

2. 17E-05 

1.28E-05 

4.70E-06 

1.83E-06 

7.55E-07 

3.25E-07 

1.45E-07 


RAD 

4.80E  01 

1.74E  01 

4.04E  00 

1.36E  00 

3.78E-01 

7. 19E-02 

1.90E-02 

6.07E-03 

2.21E-03 

8.84E-04 

3. 79E-04 

1.72E-04 

8.20E-05 

2. 07E-05 

5.83E-06 

1.79E-06 

5.90E-07 

2.04E-07 


ABSORBED  DOSE 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

4. 65E-03 
3. 76E-03 
2. 49E-03 
1. 68E-03 
9. 62E-D4 
4. 01E-04 
1. 78E-04 
8. 32E-05 
4. 05E-05 
2. 05E-05 
1. 06E-05 
5. 64E-06 
3. 08E-06 
9. 67E-07 
3.23E-07 
1.  14E-07 
4. 19E-08 
1. 60E-08 
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TABLE  A2.171 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 

RIGIDITY  OF 

FLARE  * 75.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R#T  « 0.0  G/CN2 

R#T  * 15.0  G/CM2 

fi#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CH2) 

REM 

REM 

REM 

REM 

2.00 

2.78E  02 

2* 8 IE-02 

2.70E  02 

1. 39E-02 

3.00 

9.37E  01 

2.29E-02 

8.94E  01 

1. 12E-02 

5*00 

2.02E  01 

1.54E-02 

1 • 87E  01 

7. 29E-03 

7*00 

6.57E  00 

1.06E-02 

5.88E  00 

4. 84E-03 

10.  00 

1.77E  00 

6.21E-03 

1.51E  00 

2. 72E-03 

15*00 

3*  34E-01 

2.73E-03 

2.64E-01 

1. 10E-03 

20*00 

8*  99E-02 

1.28E-03 

6.56E-02 

4.  79E- 04 

25*00 

2.97E-02 

6.32E-04 

2.00E-02 

2.  19E-04 

30*00 

1. 13E-02 

3.26E-04 

7. 04E-03 

1. 04E-04 

35*00 

4.75E-03 

1.75E-04 

2.74E-03 

5.  19E-05 

40*00 

2.14E-03 

9.69E-05 

1. 14E-03 

2.  65E-05 

45*00 

1.03E-03 

5.50E-05 

5. 09E-04 

1. 39E^05 

50*00 

5.22E-04 

3.19E-05 

2.37E-04 

7. 49E-06 

60*00 

1*  49E-04 

1.  15E-05 

5.80E-05 

2. 31E-06 

70*00 

4.79E-05 

4.42E-06 

1.59E-05 

7. 56E-07 

80*00 

1*  68E**05 

1.79E-06 

4.78E-06 

2.  62E-07 

90.00 

6*  37E-06 

7.60E-07 

1.54E-06 

9. 53E-08 

100*00 

2. 53E-06 

3.35E-07 

5.25E-07 

3. 59E-Q8 
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TABLE  A2.172 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  * 100.  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


R#T  = 0.0  G/CM2 

R#  T = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

HI THOUT 

HITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R*  S (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

7.50E  01 

1.40E-01 

7.13E  01 

6. 99E-D2 

3.00 

3.35E  01 

1. 18E-01 

3.11E  01 

5.  73E-02 

5.00 

1.07E  01 

8.45E-02 

9.43E  00 

3. 92E-02 

7.00 

4.60E  00 

6.  18E-02 

3.86E  00 

2. 73E-02 

10.00 

1.71E  00 

3.96E-02 

1.33E  00 

1.63E-02 

15.00 

4. 84E-01 

2. 0 IE- 02 

3.32E-01 

7.  29E-03 

20.00 

1.78E-01 

1.08E-02 

1.08E-01 

3.46E-03 

25.00 

7.63E-02 

6.09E-03 

4.07E-02 

1. 72E-03 

30.00 

3.62E-02 

3. 56E-03 

1.70E-02 

8.  89E-04 

35.00 

1.86E-02 

2. 14E-03 

7.70E-03 

4. 74E-04 

40.00 

1.00E-02 

1.33E-03 

3.67E-03 

2. 59E-04 

45.00 

5.70E-03 

8.42E-04 

1.84E-03 

1. 45E-04 

50.00 

3.34E-03 

5.43E-04 

9.52E-04 

8.  25E-05 

60.00 

1.26E-03 

2.38E-04 

2.79E-04 

2. 82E-05 

70.  OC 

5. 17E-04 

1. 10E-04 

8.90E-05 

1.01E-05 

80.00 

2.28E-04 

5.30E-05 

3.05E-05 

3. 81E-06 

90.00 

1.06E-04 

2.66E-05 

1.10E-05 

1. 49E-06 

100.00 

5.  10E-05 

1.38E-05 

4.13E-06 

5.  98E-07 

TABLE  A2.173 


ALPHAS  AS  INCIDENT  PABTICLES  SHIELD  MATERIAL  ALUMINUM 


HIGIDITY  OF  FLARE  = 100.  (MV) 

DOSE  EQUIVALENT 


R,T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R,S  (G/CM2) 

REM 

2.00 

3. 57E  02 

3.00 

1.46E  02 

5.00 

4. 18 E 01 

7.00 

1.67E  01 

10.00 

5.77E  00 

15.00 

1.50E  00 

20.00 

5.  19E-01 

25.00 

2.13E-01 

30.00 

9. 74E-02 

35.00 

4. 86E-02 

40.00 

2.56E-02 

45.00 

1.42E-02 

50.00 

8.20E-03 

60.00 

3.00E-03 

70.00 

1. 20E-03 

80.00 

5.  17E-04 

90.00 

2. 36E-04 

100.00 

1. 12E-04 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 
R# T - 15.0  G/CM2  R,T  = 0.0  G/CM2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

3.90E-01 

3.40E  02 

3.25E-01 

1.36E  02 

2.29E-01 

3.69E  01 

1.65E-01 

1.40E  01 

1.04E-01 

4.49E  00 

5. 1 1E-02 

1.03E  00 

2.68E-02 

3.14E-01 

1.48E-02 

1. 14E-01 

8.48E-03 

4.59E-02 

5.02E-03 

2.02E-02 

3.08E-03 

9.37E-03 

1.92E-03 

4.60E-03 

1.  22E-03 

2.34E-03 

5.25E-04 

6.65E-04 

2.39E-04 

2.07E-04 

1.  13E-04 

6.94E-05 

5.  6 IE-05 

2.46E-05 

2.86E-05 

9.08E-06 

DOSE  EQUIVALENT 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1. 90E-01 
1. 54E-01 
1. 04E-01 
7. 1 1E-02 

4.  14E-02 
1.81E-02 
8.  34E-03 
4. 08E-03 

2.  06E-03 
1. 08E-03 

5.  83E-04 

3.  21E-04 
1. 80E-04 
6.05E-05 
2. 14E-05 
7. 88E-06 
3. 05E-06 
1. 21E-06 
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TABLE  A2.174 


fiTGTDTTYSnpNp??c2T  PAHT^J*ES  SHIELD  MATERIAL  POLYETHYLENE 
fiXGI DIT Y OF  FLAKE  = 100.  (MV) 


ABSORBED  DOSE 


R#T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

B.S  (G/CM2) 

RAD 

2.00 

3.  68E  01 

3.00 

1.55E  01 

S.00 

4.52E  00 

7.00 

1.81E  00 

10.00 

6. 16E-01 

15.00 

1.  55E-01 

20.00 

5. 12E^02 

25.00 

2.00E-02 

30.00 

8. 74E-03 

35.00 

4.  13E-03 

40.00 

2.08E-03 

45.00 

1.  10E-03 

50.00 

6.00E-04 

60.00 

1.  99E-04 

70.00 

7. 19E-05 

80.00 

2.  81E-05 

90.00 

1. 16E-05 

100.00 

5. 0 1 E-06 

ABSORBED  DOSE 

ABSORBED  DOSE 

T = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

1.23E-01 

3.19E  01 

9.80E-02 

1.27E  01 

6.37E-02 

3.35E  00 

4.24E-02 

1.22E  00 

2.42E-02 

3.64E-01 

1.03E-02 

7 • 34E-02 

4.82E-03 

1 • 96E-02 

2. 39E-03 

6.2  IE-03 

1.25E-03 

2.20E-03 

6.81E-04 

8 • 4 IE-04 

3.84E-04 

3.43E-04 

2.23E-04 

1.46E-04 

1.32E-04 

6. 49E-05 

4.94E-05 

1.40E-05 

1.98E-05 

3.3  IE-06 

8.32E-06 

8.43E-07 

3. 65E-06 

2.26E-07 

1 • 67E-06 

6.33E-08 

ABSORBED  DOSE 
B,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

5.  93E-02 
4. 52E-02 
2. 69E-02 
1. 65E-02 
8. 27E-03 
2. 86E-03 
1. 08E-03 
4. 34E-04 
1. 83E-04 
8. 06E-05 
3. 68E-05 
1.  72E-05 
8.  24E-06 
2.01 E-06 
5.  24E-07 
1. 43E-07 
4. 07E-08 
1. 20E-08 
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TABLE  A2 . 1 7 r 

ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


RIGIDITY  OF  FLARE  = 100.  (MV) 

DOSE  EQUIVALENT 

R #T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (0/CM2) 

REM 

2.00 

1.  57E  02 

3.00 

6.04E  01 

5.00 

1.58E  01 

7.00 

5.87E  00 

10.00 

1.86E  00 

15.00 

4. 29E-0 1 

20.00 

1. 34E-01 

25.00 

5.04E-02 

30.00 

2.  12E-02 

35.00 

9.80E-03 

40.00 

4.  80E-03 

45.00 

2.49E-03 

50.00 

1.  34E-03 

60.00 

4.31E-04 

70.00 

1.  52E-04 

80.00 

5.86E-05 

90.00 

2.  38E-05 

100.00 

1.01E-05 

'SE  EQUIVALENT 

DOSE  EQUIVALENT 

= 15.0  G/CM2 

R,T  = 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

3.  4 IE- 01 

1.34E  02 

2.68E-01 

4.88E  01 

1.70E-01 

1.15E  01 

1.11E-01 

3.88E  00 

6. 19E-02 

1.07E  00 

2.55E-02 

1.97E-01 

1. 16E-02 

4. 98E-02 

5.61E-03 

1. 51E-02 

2.88E-03 

5.  16E-03 

1.54E-03 

1 • 9 IE-03 

8.53E-04 

7.64E-04 

4.88E-04 

3.  19E-04 

2.86E-04 

1.39E-04 

1.05E-04 

2.92E-05 

4.  13E-05 

6.74E-06 

1.71E-05 

1.69E-06 

7.40E-06 

4.45E-07 

3.35E-06 

1.23E-07 

DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

1. 60E-0  1 
1. 20E-01 
7.  01E-02 
4.  20E-02 
2. 06E-02 
6. 86E-03 
2. 51E-03 
9. 88E-04 
4. 09E-04 
1. 76E-04 
7. 93E-05 
3. 66E-05 
1. 73E-05 
4.  14E-06 
1. 06E^06 
2.84E-07 
8. 01E-08 
2. 34E-06 
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TABLE  A2.176 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 100.  (MV) 


ABSORBED  DOSE 

ABSORBED  D3SE 

ABSORBED  DOSE 

ABSORBED  DOSE 

fi,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.12E  02 

1.47E-01 

1.08E  02 

7. 48E-02 

3.00 

5.  11E  01 

1.27E-01 

4.87E  01 

6. 34E-02 

5.00 

1.69E  01 

9.47E-02 

1.56E  01 

4.  6 IE-02 

7.00 

7.48E  00 

7.20E-02 

6.70E  00 

3. 39E-02 

10.00 

2.  88E  00 

4.86E-02 

2.46E  00 

2.  19E-02 

15.00 

8.57E-01 

2.65E-02 

6.76E-01 

1. 1 IE-02 

20.00 

3.  28E-01 

1.52E-02 

2.39E-01 

5. 85E-03 

25.00 

1. 46E-01 

9.02E-03 

9. 84E-02 

3. 23E-03 

30.00 

7. 17E-02 

5.55E-03 

4.47E-02 

1. 83E-03 

35.00 

3.78E-02 

3.49E-03 

2. 18E-02 

1. 07E-03 

40.00 

2.  12E-02 

2.25E-03 

1. 13E-02 

6. 39E-04 

45.00 

1.23E-02 

1.49E-03 

6.06E-03 

3. 89E-04 

50.00 

7. 44E-03 

9.95E-04 

3.39E-03 

2.  4 IE-04 

60.00 

2.95E-03 

4.65E-04 

1. 15E-03 

9.  64E-05 

70. OC 

1.28E-03 

2.29E-04 

4.23E-04 

4. 07E-05 

80.00 

5.87E-04 

1. 17E-04 

1.67E-04 

1. 78E-05 

90.00 

2.  85E-04 

6.19E-05 

6.90E-05 

8.  02E-06 

100.00 

1.45E-04 

3.36E-05 

2.99E-05 

3.  73E-06 
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TABLE  A2.177 


ALPHAS  AS 
RIGIDITY 


INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
OF  FLARE  = 100.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


SHIELD 


0.0  G/CM2 

B#T  = 15.0  G/CM2 

H,T  = 0.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

R.S  (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ATTENUATION 

REM 

5.77E  02 

2.  42E  02 
7.17E  01 
2.95E  01 
1.05E  01 
2.87E  00 
1.04E  00 
4. 41E-01 
2.09E-01 
1.07E-01 
5. 83E-02 
3.32E-02 
1.96E-02 
7.55E-03 
3. 18E-03 
1. 43E^03 
6.81E-04 

3.  40E-04 


ATTENUATION 

REM 

4. 1 1E-01 

3.  5 IE-01 

2.58E-01 

1.94E-01 

1.29E-01 

6.82E-02 

3.82E-02 

2.22E-02 

1.35E-02 

8. 34E-03 

5.29E-03 

3.45E-03 

2.29E-03 

1.05E-03 

5.06E-04 

2.55E-04 

1.33E-04 

7. 13E-05 


ATTENUATION 

REM 

5.59E  02 
2.31E  02 
6.63E  01 
2.65E  01 
9.01E  00 
2.27E  00 
7.57E-01 
2.97E-01 
1.30E-01 
6. 16E-02 
3. 1 1E-02 
1.63E-02 
8. 94E-03 
2.93E-03 
1. 06E-03 
4.07E-04 
1.65E-04 
7.05E-05 


DOSE  EQUIVALENT 
B#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

2. 04E-0 1 
1. 71E-01 
1.23E-01 
8. 92E-02 
5.  64E-02 
2. 77E-02 
1. 43E-02 
7. 74E-03 
4. 33E-03 
2. 48E-03 
1. 46E-03 
8. 80E-04 
5. 38E-04 
2. 1 1E-04 
8. 73E-05 
3. 76E-05 
1. 67E-05 
7. 68E-06 
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TABLE  A2.178 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 125,  (MV) 

ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE  ABSORBED  DOSE 


R#T  = 0.0  G/CH2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/Z  M2 

R,T  = 15.3  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.26E  02 

7.28E-01 

1.20E  02 

3.  65E-01 

3.00 

6.49E  01 

6.32E-01 

6.02E  01 

3. 10E-01 

5.00 

2.53E  01 

4. 83 E- 01 

2.23E  01 

2.26E-01 

7.00 

1.26E  01 

3.75E-01 

1.06E  01 

1. 66E-01 

10.00 

5.62E  00 

2.6 1E-0 1 

4.38E  00 

1. 08E-01 

15.00 

2.01E  00 

1.51E-01 

1.38E  00 

5.  50E-02 

20.00 

8.88E-01 

9.1  IE-02 

5.37E-01 

2. 94E-02 

25.00 

4.  46E-01 

5.  74E-02 

2.38E-01 

1.63E-02 

30.00 

2.43E-01 

3. 7 IE-02 

1. 15E-01 

9.33E-03 

35.00 

1.42E-01 

2.47E-02 

5.88E-02 

5.  48E-03 

40.00 

8. 6 IE-02 

1.68E-02 

3. 15E-02 

3. 29E-03 

45. CO 

5.  44E-02 

1. 16E-02 

1.76E-02 

2. 00E-03 

50.00 

3. 53E-02 

8. 13E-03 

1 • 0 IE-02 

1. 24E-03 

60.00 

1.61E-02 

4. 19E-03 

3.56E-03 

4. 98E-04 

70.00 

7.83E-03 

2.24E-03 

1.35E-03 

2. 08E-04 

80.00 

4.04E-03 

1.25E-03 

5.42E-04 

9. 01E-05 

90.00 

2.17E-03 

7. 17E-04 

2.26E-04 

4. 02E-05 

100.00 

1.21E-03 

4. 2 IE-04 

9.82E-05 

1. 84E-05 
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TABLE  A2.179 


HIGIDITY^OP^FLABE^s^^^sf^  (H 

DOSE  EQUIVALENT 


material  aluminum 

DOSE  EQUIVALENT 


SHIELD 

DEPTH 

R.S  (G/CM2) 
2.00 

3.00 
5.  00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


B*T  = 0.0  G/CM2 

WITHOUT 
ATTENUATION 
REM 

5.  64E  02 
2.65E  02 
9.23E  01 
4.29E  01 
1.77E  01 
5.79E  00 
2.42E  00 
1.16E  00 

6.  12E-01 
3.47E-01 
2.  05E-01 
1.27E-01 
8. 12E-02 
3.59E-02 
1.70E-02 
8.62E-03 
4.  55E-03 
2.  50E-03 


R#T  * 15.0  G/CM2 
WITHOUT 
ATTENUATION 
REM 

1.89E  00 

1.63E  00 

1.22E  00 

9.37E-01 

6.39E-01 

3.59E-01 

2.  11E-01 

1.30E-01 

8. 28E-02 

5.42E-02 

3.63E-02 

2.48E-02 

1.72E-02 

8.67E-03 

4.57E-03 

2. 50E-03 

1.42E-03 

8. 24E-04 


DOSE  EQUIVALENT 
R#T  = 0.0  G/CM2 

WITH 

ATTENUATION 

REM 

5.37E  02 
2.  46E  02 
8. 14E  01 
3.60E  01 
1.38E  01 
3.97E  00 
1.46E  00 
6.20E-01 
2. 88E-01 
1.44E-01 
7. 52E-02 
4. 12E-02 
2. 3 IE-02 
7. 95E-03 
2. 93E-03 
1. 16E-03 
4.75E-04 
2. 03E-04 


DOSE  EQUIVALENT 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

9. 26E-0 1 
7. 77E-01 
5. 57E-01 
4.  05E-01 
2.  56E-0  1 
1. 27E-01 
6. 62E-02 
3. 6 IE-02 
2.  02E-02 

1.  17E-02 
6. 91E-03 
4. 16E-03 

2.  55E-03 
1. 00E-03 
4. 10E-04 
1. 75E-04 
7. 73E-05 
3. 49E-05 
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TABLE  A2.180 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD 
RIGIDITY  OP  FLARE  * 125.  (MV) 

ABSORBED  DOSE 


MATERIAL  POLYETHYLENE 
ABSORBED  DOSE  ABSORBED 


DOSE 


ABSORBED  DOSE 


SHIELD 


0.0  G/CH2 

R#T  * 15.0  G/CH2 

R#T  * 0.0  G/CM2 

R.T  = 15.0  G/CM2 

WIT HOOT 

WITHOUT 

WITH 

WITH 

DEPTH 

R#S  (G/CH2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 

90.00 

100.00 


ATTENOATIGN 

RAD 

7.00E  01 
3.  42E  01 
1.24E  01 
5.87E  00 
2.43E  00 
7. 89E-01 

3.  22E-01 
1.50E-01 
7.67E-02 

4.  18E-02 
2.40E-02 
1.43E-02 
8.81E-03 
3.61E-03 
1.  59E-03 
7.48E-04 
3.  67E-04 
1.87E-04 


ATTENUATION 

RAD 

6.57E-01 

5.45E-01 

3.84E-01 

2.76E-01 

1.75E-01 

8.79E-02 

4.74E-02 

2.70E-02 

1.60E-02 

9.75E-03 

6. 15E-03 

3.96E-03 

2.60E-03 

1.18E-03 

5.63E-04 

2.80E-04 

1.45E-04 

7.72E-05 


ATTENUATION 

RAD 

6.07E  01 
2.8  2E  0 1 
9.26E  00 
3.99E  00 
1.45E  00 
3.77E-01 
1 . 24E-0  1 
4.70E-02 
1.94E-02 
8.58E-03 
3. 99E-03 
1.92E-03 
9. 59E-04 
2.56E-04 
7.38E-05 
2.25E-05 
7. 16E-06 
2. 37E-06 


ATTENUATION 

RAD 

3.  18E-01 
2.  53E-01 
1. 63E-01 

1.  08E-01 
6.  02E-D2 

2.  45E-02 
1. 07E-02 
4. 92E-03 
2. 35E-03 
1.  16E-03 
5. 92E-04 
3.08E-04 
1.  63E-34 
4. 82E-05 
1. 50E-05 
4. 83E-06 
1.  62E-06 
5. 56B-07 
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TABLE  A2.181 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  HATESIAL  POLYETHYLENE 


RIGIDITY  OP  FLARE  = 125,  (MV) 

DOSE  EQUIVALENT 

R.T  * 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R.S  (G/CM2) 

REM 

2.00 

2.79E  02 

3.00 

1.25E  02 

5.00 

4.04E  01 

7.00 

1.78E  01 

10.00 

6.85E  00 

15.00 

2.04E  00 

20.00 

7.89E-01 

25.00 

3.  54E-01 

30.00 

1.75E-01 

35.00 

9.29E-02 

40.00 

5. 21 E-02 

45.00 

3.05E-02 

50.00 

1 • 84E-02 

60.00 

7.  36E-03 

70.00 

3.17E-03 

80.00 

1.47E-03 

90.00 

7.08E-04 

100.00 

3.  55E-04 

SE  EQUIVALENT 

DOSE  EQUIVALENT 

= 15.0  G/CM2 

R.T  = 0.0  G/CM2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

REM 

REM 

1.70E  00 

2.39E  02 

1.39E  00 

1.01E  02 

9.60E-01 

2.96E  01 

6.77E-01 

1.1 8E  01 

4.19E-01 

3.95E  00 

2.03E-01 

9.45E-01 

1.07E-01 

2.93E-01 

5.92E-02 

1.06E-01 

3.44E-02 

4.26E-02 

2.07E-02 

1.83E-02 

1.28E-02 

8. 32E-03 

8. 16E-03 

3.93E-03 

5.29E-03 

1.93E-03 

2.35E-03 

5.01E-04 

1. 10E-03 

1.4  IE-04 

5.42E-04 

4.24E-05 

2.77E-04 

1.33E-05 

1.46E-04 

4.34E-06 

DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

7. 98E-01 
6. 28E-01 
3. 97E-01 
2. 57E-01 

1.  40E-01 
5. 49E-02 
2. 32E-02 
1. 05E-02 
4. 90E-03 
2. 38E-03 
1. 20E-03 
6. 14E-04 
3. 2 IE-04 
9. 32E-05 

2.  85E-05 
9. 05E-06 
3. 00E-06 
1. 02E-06 


404 


TABLE  A2.182 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 125.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R# T = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.77E  02 

7.58E-01 

1.71E  02 

3.  88E-01 

3.00 

9.23E  01 

6. 7 IE- 01 

8.81E  01 

3. 38E-01 

5.00 

3.70E  01 

5.30E-01 

3.42E  01 

2. 59E-01 

7.00 

1.89E  01 

4.24E-01 

1.69E  01 

2.  0 1E-0 1 

10.00 

8.65E  00 

3.08E-01 

7.39E  00 

1.  40E-0  1 

15.00 

3.21E  00 

1.89E-01 

2.53E  00 

7.91E-02 

20.00 

1.46E  00 

1.20E-01 

1.07E  00 

4.  66E-02 

25.00 

7.57E-01 

7.88E-02 

5.1 1E-0  1 

2. 83E-02 

30.00 

4. 25E-01 

5.32E-02 

2.65E-01 

1. 77E-02 

35.00 

2.53E-01 

3.66E-02 

1.46E-01 

1. 13E-02 

40.00 

1.58E-01 

2. 57E-02 

8.41E-02 

7. 31E-03 

45.00 

1.02E-01 

1.83E-02 

5.02E-02 

4. 83E-03 

50.00 

6.78E-02 

1.33E-02 

3. 08E-02 

3.  23E-03 

60.00 

3. 20E-02 

7. 18E-03 

1.25E-02 

1. 50E-03 

70.00 

1.  63E-02 

4.06E-03 

5. 4 IE-03 

7.  24E-04 

80.00 

8.70E-03 

2.36E-03 

2.47E-03 

3. 60E-04 

90.00 

4.  87E-03 

1. 4 IE-03 

1.18E-03 

1. 84E-04 

100.00 

2.81E-03 

8.66E-04 

5.82E-04 

9.65E-Q5 
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TABLE  A2.183 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OP  FLARE  = 125.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


R.T  * 0.0  G/CM2  R,T  = 15.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

REM 

REM 

2.00 

8.56E  02 

1.98E  00 

3.00 

4.  10E  02 

1.74E  00 

5.00 

1.47E  02 

1.35E  00 

7.00 

6.98E  01 

1.07E  00 

10.00 

2.95E  01 

7.63E-0 1 

15.00 

1.00E  01 

4.  54E-01 

20.00 

4.32E  00 

2.83E-01 

25.00 

2.  13E  00 

1.82E-01 

30.00 

1.15E  00 

1 • 2 1E-0 1 

35.00 

6.68E-01 

8. 18E-02 

40.00 

4.06E-01 

5. 65E-02 

45.00 

2.  57E-01 

4.00E-02 

50.00 

1.67E-01 

2.86E-02 

60.00 

7.66E-02 

1.  5 IE- 02 

70.00 

3.80E-02 

8.43E-03 

80.00 

1.98E-02 

4.83E-03 

90.00 

1.09E-02 

2.85E-03 

100.00 

6.  20E-03 

1.73E-03 

DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


R#T  = 0.0  G/CM2 

WITH 

ATTENUATION 

REM 

8.30E  02 
3.9 IE  02 
1.36E  02 
6.25E  01 
2.52E  01 
7.93E  00 
3.15E  00 
1.44E  00 
7.20E-01 
3.85E-01 
2.17E-01 
1.26E-01 
7.62E-02 
2.98E-02 
1.26E-02 
5.63E-03 
2.64E-03 
1 • 28E-03 


R#T  * 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

9.85E-01 
8.  5 1E-0 1 
6.  44E-01 
4.  93E-01 
3.  36E-01 
1. 85E-01 
1.07E-01 
6.  35E-02 
3.  90E-02 
2.44E-02 
1.56E-02 
1. 02E-02 
6. 76E-03 
3. 06E-03 
1.46E-03 
7. 15E-04 
3. 60E-04 
1.87E-04 


TABLE  A2.184 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  HATEBIAL  ALUMINUM 
RIGIDITY  OF  FLARE  = 150,  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  * 0.0  G/CM2 

R,T  * 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

RAD 

RAD 

RAD 

RAD 

2«  00 

1.76E  02 

2.  15E  00 

1.67E  02 

1.08E  00 

3.00 

9.91E  01 

1.91E  00 

9.19E  01 

9. 40E-0  1 

5.00 

4.42E  01 

1.52E  00 

3.89E  01 

7. 13E-01 

7.00 

2.44E  01 

1.23E  00 

2.05E  01 

5.47E-01 

10.00 

1.22E  01 

9.06E-01 

9.51E  00 

3.75E-01 

15.00 

5.09E  00 

5.69E-01 

3.49E  00 

2.  08E-01 

20.00 

2.55E  00 

3.72E-01 

1.54E  00 

1. 20E-01 

25.00 

1.42E  00 

2.52E-01 

7.59E-01 

7.20E-02 

30.00 

8.54E-01 

1.75E-01 

4.02E-01 

4.41  E-  02 

35.00 

5.  4 1E-0 1 

1.24E-01 

2.24E-01 

2. 76E-02 

40.00 

3.55E-01 

8.95E-02 

1.30E-01 

1.76E-02 

45.00 

2.  4 1E-0  1 

6.56E-02 

7.79E-02 

1. 14E-02 

50.00 

1.68E-01 

4.87E-02 

4.79E-02 

7.47E-03 

60.00 

8.65E-02 

2.79E-02 

1.92E-02 

3.  33E-03 

70.00 

4.72E-02 

1.65E-02 

8. 14E«*03 

1. 54E-03 

80.00 

2.71E-02 

1.0  IE-02 

3.64E-03 

7.  31E-04 

90.00 

1.61E-02 

6.34E-03 

1.68E-03 

3. 57E-04 

100.00 

9.86E-03 

4.05E-03 

7.99E-04 

1. 78E-04 

TABLE  A2.185 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  AL OH IN DM 
RIGIDITY  OF  FLARE  * 150.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


SHIELD 


R #T  = 0.0  G/CM2 

WITHOUT 


R*T  = 15.0  G/CM2 
WITHOUT 


R#T  = 0.0  G/CM2 

WITH 


R #T  = 15.0  G/CM2 
WITH 


DEPTH 


ATTENUATION  ATTENUATION 


ATTENUATION 


ATTENUATION 


R,S  (G/CM2) 
2.00 

3.00 

5.00 

7.00 
10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


REM 

7.45E  02 
3.83E  02 
1.53E  02 
7.83E  01 
3.  63E  01 
1.39E  01 
6.  56 E 00 
3.51E  00 
2.04E  00 
1.25E  00 
8.04E-01 
5.35E-01 
3.67E-01 
1.83E-01 
9.76E-02 
5.50B-02 
3. 21E-02 
1.93E-02 


REM 

5.30E  00 
4.67E  00 
3.65E  00 
2.90E  00 
2.10E  00 
1.28E  00 
8.20E-01 
5.43E-01 
3.7  IE-01 
2.58E-01 
1.84E-01 
1.34E-01 
9.79E-02 
5.49E-02 
3. 20E-02 
1.93E-02 
1.20E-02 
7.57E-03 


REM 

7.09E  02 
3.56E  02 
1.35E  02 
6.57E  01 
2.83E  01 
9.52E  00 
3.97E  00 
1.87E  00 
9.59E-01 
5.20E-01 
2.95E-01 
1.73E-01 
1 • 04E-0 1 
4.06E-02 
1 . 68E-02 
7 . 37E-03 
3. 35E-03 
1.57E-03 


REM 

2.  60S  DO 
2.23E  00 
1.66E  00 
1.26E  00 
8. 45E-0 1 
4. 56E-01 
2. 57E-01 
1. 51E-01 
9. 08E-D2 
5.58E-02 
3. 51E-02 
2. 25E-02 
1. 46E-02 
6. 37E-03 
2. 89E-03 
1. 35E-03 
6.  54E-04 
3. 22E-04 
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TABLE  A2.186 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  = 150.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  * 0.0  G/CM2 

B,T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.05E  02 

1.97E  00 

9.  17E  01 

9. 58E-01 

3.00 

5.71E  01 

1.69E  00 

4.71E  01 

7. 84E-01 

5.00 

2.40E  01 

1.25E  00 

1.80E  01 

5. 35E-01 

7.00 

1.27E  01 

9.49E-01 

8.64E  00 

3. 72E-01 

10.00 

5.9 00 

6.45E-01 

3.57E  00 

2.  23E-0 1 

15.00 

2.30*  00 

3.6  IE-01 

1.11E  00 

1 • 0 1E-0 1 

20.00 

1.08E  00 

2. 15E-01 

4.19E-01 

4. 86E-02 

25.00 

5.67E-01 

1.33E-01 

1.78E-01 

2. 44E-02 

30.00 

3. 2 1E-0 1 

8.59E-02 

8.20E-02 

1.  27E-02 

35.00 

1.93E-01 

5.67E-02 

3.98E-02 

6.79E-03 

40.00 

1.21E-01 

3.85E-02 

2.02E-92 

3. 7?e-03 

45.00 

7.84E-02 

2.66E-02 

1.06E-02 

2. 08E-03 

50.00 

5.  21E-02 

1.87E-02 

5.69E-03 

1.  18E-03 

60.00 

2.46E-02 

9.6  IE-03 

1.75E-03 

3. 95E-04 

70.00 

1. 24E-02 

5. 18E-03 

5.76E-04 

1. 38E-04 

80.00 

6.57E-03 

2.86E-03 

1.98E-04 

4. 98E-05 

90.00 

3. 6 IE-03 

1.66E-03 

7.08E-05 

1. 85E-05 

100.00 

2.05E-03 

9.77E-C4 

2. 6 IE-05 

7. 06E-06 

TABLE  A2.1S7 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


RIGIDITY  OF 

FLARE  = 150.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R.T  = 0.0  G/CM2 

R#T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

REM 

REM 

2.00 

3.98E  02 

4.83E  00 

3. 4 IE  02 

3.00 

1.97E  02 

4.08E  00 

1.59E  02 

5.00 

7.39E  01 

2.96E  00 

5.41E  01 

7.00 

3.63E  01 

2.  2 IE  00 

2.41E  01 

10.00 

1.59E  01 

1.46E  00 

9.22E  00 

15.00 

5.  65E  00 

7.92E-01 

2.62E  00 

20.00 

2.51E  00 

4.59E-01 

9.38E-01 

25.00 

1.26E  00 

2.78E-01 

3.83E-01 

30.00 

6.94E-01 

1.76E-01 

1.70E-01 

35.00 

4.  07E-01 

1. 14E-01 

8. 06E-02 

40.00 

2.49E-01 

7.63E-02 

4. 00E-02 

45.00 

1. 59E-0 1 

5.22E-02 

2. 06E-02 

50.00 

1.04E-01 

3.62E-02 

1. 09E-02 

60.00 

4.78E-02 

1.82E-02 

3.27E-03 

70.00 

2.35E-02 

9.68E-03 

1. 05E-03 

80.00 

1. 23E-02 

5.32E-03 

3. 56E-04 

90.00 

6. 65E-03 

3.02E-03 

1. 25E-04 

100. 00 

3. 72E-03 

1.76E-03 

4.56E-05 

DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

2.28E  00 
1. 84E  00 
1.  23E  00 
8. 39E-01 
4. 90E-01 
2. 14E-0 1 
1. 00E-01 
4. 92E-02 
2. 52E-02 
1. 32E-02 
7.  16E-03 
3.  94E-03 
2. 2 IE-03 
7. 27E-04 
2. 50E-04 
8. 91E-05 
3. 28E-05 
1.24E-05 
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TABLE  A2.188 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 150,  (MV) 


ABSORBED  DOSE 


H.T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

H,S  (G/CM2) 

RAD 

2.00 

2.36E  02 

3.00 

1.  35E  02 

5.00 

6.  13E  01 

7.00 

3.45E  01 

10.00 

1.77E  01 

15.00 

7.60E  00 

20.00 

3.91E  00 

25.00 

2.23E  00 

30.00 

1.37E  00 

35.00 

8.85E-01 

40.00 

5.94E-01 

45.00 

4. 11E-01 

50.00 

2. 9 1E-0 1 

60.00 

1.55E-01 

70.00 

8.76E-02 

80.00 

5. 18E-02 

90.00 

3.  18E-02 

100.00 

2.00E-02 

ABSORBED  DDSE 

ABSORBED  DOSE 

T = 15.0  G/CM2 

R#T  = 0.0  G/2M2 

WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

2.23E  00 

2.28E  02 

2.01E  00 

1.28E  02 

1.65E  00 

5.67E  01 

1.36E  00 

3.09E  01 

1.04E  00 

1.51E  01 

6. 87 E- 01 

6.00E  00 

4.7  0E- 0 1 

2.85E  00 

3.29E-01 

1.51E  00 

2.36E-01 

8 • 54E-0 1 

1.73E-01 

5.  10E-01 

1.2  8E-01 

3. 16E-01 

9.65E-02 

2.02E-01 

7.36E-02 

1.32E-01 

4.39E-02 

6.03E-02 

2.72E-02 

2. 9 IE-02 

1.73E-02 

1.47E-02 

1.  12E-02 

7.69E-03 

7.43E-03 

4. 15E-03 

ABSORBED  DOSE 
R.T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

1.  14E  00 
1.02E  00 
8. 08E-0 1 
6. 48E-01 
4. 74E-0 1 
2. 89E-01 
1. 83E-0 1 
1.  19E-01 
7. 89E-02 
5. 34E-02 
3. 66E-02 
2. 55E-02 
1. 80E-02 
9.  19E-03 
4. 87E-03 
2. 64E-03 
1. 47E-03 
8. 32E-04 
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TABLE  A2.189 


ABIGfD?TA/oIFN”AE^=PiRT^^!S(„V,HIELI,  "ATEBIiL  C°PPEB 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


SHIELD 


0.0  G/CM2 

R,T  = 15.0  G/CM2 

R#T  = 0.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

R#S  {G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 

90.00 

100.00 


ATTENUATION 

REM 

1.08E  03 
5.  66E  02 
2.30E  02 
1.20E  02 
5.71E  01 
2.25E  01 
1.09E  01 
5.95E  00 
3.52E  00 
2.21E  00 
1.44E  00 
9. 8 1E-0 1 
6.80E-01 

3.  52E-01 
1. 94E-01 

1.  12E-01 
6.75E-02 

4.  20E-02 


ATTENUATION 

REM 

5.50E  00 
4.93E  00 
3.98E  00 
3.25E  00 
2.44E  00 
1.57E  00 
1.05E  00 
7.21E-01 
5.09E-01 
3.67E-01 
2.68E-01 
1.99E-01 
1.5  IE-01 
8.8  IE-02 
5.36E-02 
3.36E-02 
2. 15E-02 
1. 41E-02 


ATTENUATION 

REM 

1.05E  03 
5.40E  02 

2.  13E  02 
1.08E  02 
4.88E  01 
1.77E  01 
7.95E  00 
4.02E  00 
2.20E  00 
1.28E  00 
7.70E-01 
4. 83E-01 

3.  10E-01 
1.37E-01 
6.43E-02 
3. 18E-02 
1.63E-02 
8. 70E-03 


DOSE  EQUIVALENT 
R,T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

2. 75E  00 
2.42E  00 
1.90E  00 
1. 50E  00 
1. 08E  00 
6.  4 1E-0  1 
3.  97E-01 
2. 52E-01 
1. 65E-01 
1. 10E-0 1 
7. 44E-02 
5.  12E-02 
3. 57E-02 
1. 79E-02 
9. 32E-03 
4. 99E-03 
2. 74E-03 
1. 53E-03 
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TABLE  A2.190 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  HATEHIAL  ALUMINUM 
BIGIDITY  OF  FLABE  * 175.  (MV) 


ABSOBBED  DOSE 

ABSORBED  DOSE 

ABSOBBED  DOSE 

ABSORBED  DOSE 

R,T  = 0.0  G/CM2 

R# T = 15.0  G/CM2 

R,T  = 0.0  G/2M2 

R,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

B,S  (G/CH2) 

BAD 

BAD 

RAD 

RAD 

2.00 

2.20E  02 

4.  6 IE  00 

2.09E  02 

2. 33E  00 

3.00 

1.32E  02 

4.  16E  00 

1.23E  02 

2.05E  00 

5.00 

6.49E  01 

3.41E  00 

5.73E  01 

1.61E  00 

7.00 

3.  86E  01 

2.Q3E  00 

3.23E  01 

1.27E  00 

10.00 

2.10E  01 

2.17E  00 

1.64E  01 

9. 04E-01 

15.00 

9.78E  00 

1.45E  00 

6.71E  00 

5.  34E-01 

20.00 

5.35E  00 

1.01E  00 

3.24E  00 

3. 27E-01 

25.00 

3.  22E  00 

7.1 6E-01 

1.72E  00 

2.  05E-01 

30.00 

2.07E  00 

5.23E-01 

9.75E-01 

1. 32E-01 

35.00 

1.39E  00 

3.88E-01 

5.77E-01 

8.  68E-02 

40.00 

9.68E-01 

2.93E-01 

3.55E-01 

5.78E-02 

45.00 

6. 9 1E-0 1 

2.24E-01 

2.23E-01 

3. 90E-02 

50.00 

5.06E-01 

1.73E-01 

1.44E-01 

2. 67E-02 

60.00 

2.84E-01 

1.07E-01 

6.30E-02 

1.  28E-02 

70.00 

1.69E-01 

6.82E-02 

2. 9 IE-02 

6. 36E-03 

80.00 

1.04E-01 

4.45E-02 

1 • 40E-02 

3.23E-03 

90.00 

6. 68E-02 

2.97E-02 

6.96E-03 

1. 68E-03 

100.00 

4.  36E-02 

2.03E-02 

3.54E-03 

8. 92E-04 
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TABLE  A2.191 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  HATRRIAL  AL OH IN OH 
RIGIDITY  OF  FLARE  • 175.  (BY) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R#T  * 0.0  G/CH2 

R#T  * 15.0  G/CH2 

R.T  * 0.0  G/CH2 

R.T  * 15.0  G/CM2 

SHIELD 

HITHOOT 

HITHOOT 

HITH 

HITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R»S  (G/CH2) 

REH 

REd 

REH 

REH 

2.00 

8. 90E  02 

1.09E  01 

8.47E  02 

5.  34E  00 

3.00 

4.89E  02 

9.71E  00 

4.54E  02 

4.66E  00 

5.00 

2.  14E  02 

7. 84E  00 

1.89E  02 

3.58E  00 

7.00 

1.18E  02 

6.40E  00 

9.91E  01 

2.78E  00 

10.00 

5.  97  E 01 

4.83E  00 

4.64E  01 

1. 95E  00 

15.00 

2.55E  01 

3.13E  00 

1.75E  01 

1.  12E  00 

20.00 

1.32E  01 

2. 12E  00 

7.98E  00 

6. 69E-0 1 

25.00 

7.60E  00 

1.48E  00 

4.06E  00 

4. 12E-01 

30.00 

4.72E  00 

1.06E  00 

2.22E  00 

2.  6 1E-0  1 

35.00 

3.08E  00 

7.77E-01 

1.28E  00 

1. 69E-01 

AO.  00 

2.10E  00 

5. 77E-01 

7.69E-01 

1.  1 1E-01 

45.00 

1.47E  00 

4.37E-01 

4.74E-01 

7.  38E-02 

50.00 

1.06E  00 

3.35E-01 

3.01E-01 

5.  00E-02 

60.00 

5.76E-01 

2.02E-01 

1.28E-01 

2.  35E-02 

70.  00 

3.35E-01 

1.27E-01 

5. 78E-02 

1.  15E-02 

80.00 

2.03E-01 

8.  18E-02 

2.72E-02 

5.  76E-03 

90.00 

1.28E-01 

5.39E-02 

1 . 33E-02 

2.  96E-03 

100. 00 

8.23E-02 

3.64E-02 

6.68E-03 

1. 55E-03 
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TABLE  A2.192 


ALPHAS  AS  X1CIDEHT  PARTICLES  SHIELD  BATEBIAL  POLYETHYLENE 
RIGIDITY  OF  FLARE  * 175.  (H  V) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

P.T  « 0.0  G/CH2 

R.T  « 15.0  G/CH2 

R.T  * 0.0  G/CH2 

R.T  * 15.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2) 

RAD 

RAD 

RAD 

RAD 

2.00 

1.40E  02 

4.28E  00 

1.22E  02 

2.  09E  00 

3.00 

8.12E  01 

3.73E  00 

6.72E  01 

1.74E  00 

5.00 

3.79E  01 

2.88E  00 

2.85E  01 

1.24E  00 

7.00 

2.16E  01 

2.26E  00 

1.48E  01 

8.92E-D1 

10.00 

1.12E  01 

1.62E  00 

6.75E  00 

5.  62E-01 

15.00 

4.89E  00 

9.80E-01 

2.36E  00 

2.  75E-01 

20.00 

2.53E  00 

6.24E-01 

9.88E-01 

1.42E-01 

25.00 

1.45E  00 

4. 14E-01 

4.57E-01 

7.59E-02 

30.00 

8.86E-01 

2.82E-01 

2.27E-01 

4.  19E-02 

35.00 

5.69E-01 

1.98E-01 

1.18E-01 

2.  37E-02 

40.00 

3.80E-01 

1 .4  IE-01 

6.37E-02 

1. 37E-02 

45.00 

2. 6 1E-0 1 

1.03E-01 

3.54E-02 

8. 04E-03 

50.00 

1.84E-01 

7.57E-02 

2.0  IE-02 

4. 78E-03 

60.00 

9.59E-02 

4. 26E-02 

6.87E-03 

1.  75E-03 

70.00 

5.30E-02 

2. 50E-02 

2.47E-03 

6.  68E-04 

80.00 

3.06E-02 

1.51E-02 

9.30E-04 

2.61E-04 

90.00 

1.83E-02 

9.33E-03 

3.60E-04 

1. 04E-04 

100.00 

1. 12E-02 

5.9  IB-03 

1.43E-04 

4.  27E-05 
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TABLE  A2.193 


ALPHAS  AS  IHCIDEH?  PABTICLES  SHIELD  HATEBIAL  POLYETHYLENE 


tIGIDITY  OP 

FLABE  * 175.  (HV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R#T  * 0.0  G/CH2 

B.T  * 15.0  G/CH2 

B#T  = 0.0  G/CH2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R.S  (G/CH2I 

REH 

BEH 

REH 

2.00 

5.03E  02 

1.00E  01 

4.32E  02 

3.00 

2.67E  02 

8.63E  00 

2. 17E  02 

5.00 

1.  12E  02 

6.52E  00 

8.17E  01 

7.00 

5.93E  01 

5.03E  00 

3.95E  01 

10.00 

2.86E  01 

3. 5 IE  00 

1.66E  01 

15.00 

1.15E  01 

2.06E  00 

5.  34*?  00 

20.00 

5.61E  00 

1.28E  00 

2.11E  00 

25.00 

3.09S  00 

8.29E-01 

9.38E-01 

30.00 

1.84E  00 

5.54E-01 

4.50E-01 

35.00 

1.15E  00 

3.83E-01 

2.29E-01 

40.00 

7.52E-01 

2.69E-01 

1 .2 1E-0 1 

45.00 

5.06E-01 

1.93E-01 

6.60E-02 

50.00 

3. 51E-01 

1.41E-01 

3.70E-02 

60.00 

1.79E-01 

7.77E-02 

1.23E-02 

70.00 

9.S9E-02 

4.50E-02 

4.34E-03 

80.00 

5.50E-02 

2.68E-02 

1. 6 IE-03 

90.00 

3.25E-02 

1. 64E-02 

6. 15E-04 

100.00 

1.97E-02 

1.03E-02 

2. 4 IE-04 

DOSE  EQUIVALENT 
B,T  = 15.0  G/CN2 
WITH 

ATTENUATION 

REH 

4.  74E  00 
3.91E  00 
2.71E  00 
1.92E  00 
1.  18E  00 

5.  59E-01 
2. 8 1E-0 1 
1.47E-01 
7.97E-02 
4.44E-02 
2.52E-02 
1.46E-02 
8. 64E-03 
3. 10E-03 
1. 17E-03 
4. 51E-04 
1. 78E-04 
7.24E-05 
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TABLE  A2.194 


ALPHAS  AS  INCIDENT  PABTICLES  SHIELD  HATEBIAL  COPPER 
RIGIDITY  OP  FLABE  = 175.  (MV) 

ABSOBBED  DOSE  ABSORBED  DOSE 


B#T  * 0.0  G/CM2  B,T  * 15.0  G/CM2 


SHIELD 

WITHOUT 

WITHOUT 

DEPTH 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

BAD 

BAD 

2.00 

2.85E  02 

4.75E  00 

3. 00 

1.  74E  02 

4.35E  00 

5.00 

8.69E  01 

3.66E  00 

7.00 

5.24E  01 

3. 1 OE  00 

10.00 

2.91E  01 

2.45E  00 

15.00 

1.39E  01 

1.71E  00 

20.00 

7.78E  00 

1.23E  00 

25.00 

4.78E  CO 

9.06E-01 

30.  00 

3.13E  00 

6.78E-01 

35.00 

2.  14E  00 

5. 17E-01 

40.00 

1.51E  00 

4.00E-01 

45.00 

1.  10E  00 

3. 13E-01 

50. 00 

8.16E-01 

2.47E-01 

60.00 

4.  73E-*01 

1.59E-01 

70.00 

2.88E-01 

1.05E-01 

80.00 

1.83E-01 

7. 08E-02 

90.00 

1.20E-01 

4.88E-02 

100.00 

8.06E-02 

3. 4 IE-02 

ABSORBED  DOSE 


ABSORBED  DOSE 


B,T  = 0.0  G/CN2 

WITH 

ATTENUATION 

BAD 

2.77E  02 
1.66E  02 
8.03E  01 
4.69E  01 
2.49E  01 
1.1 OE  01 
5.68E  00 
3.23E  00 
1.95E  00 
1.23E  00 
8. 06E-? 1 
5. 4 1E-0 1 
3. 7 1E-0 1 
1.84E-01 
9.57E-02 
5.20E-02 
2. 9 IE-02 
1.67E-02 


B# T = 15.0  G/CM2 
WITH 

ATTENUATION 

BAD 

2.45E  00 
2.21E  00 
1.80E  00 
1.48E  00 
1.  12E  00 
7.24E-01 
4. 81E-01 
3. 28E-01 
2. 27B-01 
1.  60E-01 
1.  15E-01 
8. 30E-02 
6. 06E-02 
3. 33B-02 
1.88E-02 
1. 09E-02 
6.41E-03 
3.83E-03 
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TABLE  A2.195 

ALPHAS  AS  INCIDENT  PAETICLES  SHIELD  MATERIAL  COPPER 


tIGIDITY  OP 

FLARE  * 175.  (MV) 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

B#T  « 0.0  G/CM2 

B,T  = 15.0  G/CM2 

R#T  * 0.0  G/CM2 

SHIELD 

NITHOUT 

WITHOUT 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

BEM 

BEM 

BEM 

2.00 

1.26E  03 

1.12E  01 

1.22E  03 

3.  00 

6.98E  02 

1.02E  01 

6.67E  02 

5.  00 

3.12E  02 

8.45E  00 

2.88E  02 

7.00 

1.74E  02 

7.08E  00 

1.56E  02 

10.00 

8.97E  01 

5.50E  00 

7.66E  01 

15.00 

3.92E  01 

3.74E  00 

3.  10E  01 

20.  00 

2.07E  01 

2.63E  00 

1.51E  01 

25.00 

1.22E  01 

1.90E  00 

8.21E  00 

30.00 

7.  68E  00 

1.40E  00 

4.79E  00 

35.00 

5.10E  00 

1.05E  00 

2.94E  00 

40.00 

3.  52E  00 

8.04E-01 

1.88E  00 

45.00 

2.50E  00 

6.20E-01 

1.23E  00 

50.00 

1.83E  00 

4.84E-01 

8.32E-01 

60.00 

1.03E  00 

3.06E-01 

3. 99E-01 

70. 00 

6.  10E-01 

1.98E-01 

2.03E-01 

80.00 

3.80E-01 

1.32E-01 

1. 08E-01 

90.00 

2.  44E-01 

9.02E-02 

5.92E-02 

100.00 

1.62E-01 

6.24E-02 

3.35E-02 

DOSE  EQUIVALENT 
B.T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

5.62E  00 
5.03E  00 
4.04E  00 
3.  28E  00 
2.44E  00 
1.53E  00 
9.  98E-01 
6.  68E-01 
4. 55E-01 
3.  1 6E-0 1 
2. 24E-01 
1. 60E-01 
1. 15E-01 
6. 23E-02 
3. 45E-C2 
1. 97E-02 
1.  15E-02 
6. 80E-03 


418 


TABLE  A2.196 


ALPHAS  AS  INCIDENT  PABTICLES  SHIELD  HATEBIAL  ALUMINUM 
RIGIDITY  OF  FLABE  = 200.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R,T  = 0.0  G/CM2 

R.T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

R,T  - 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R#  S (G/CM2) 

BAD 

BAD 

RAD 

RAD 

2.00 

2.58E  02 

8. 1 1E  00 

2.45E  02 

4. 12E  00 

3.00 

1.63E  02 

7.40E  00 

1.51E  02 

3.  66S  00 

5.  00 

8.59E  01 

6.20E  00 

7.57E  01 

2.93E  00 

7.  00 

5.38E  01 

5.26E  00 

4.52E  01 

2.36E  00 

10.00 

3.13E  01 

4. 16E  00 

2.44E  01 

1. 73E  00 

15. 00 

1.58E  01 

2.91E  00 

1.09E  01 

1. 07E  00 

20.00 

9.27E  00 

2.10E  00 

5.61E  00 

6. 85E-01 

25.00 

5.91E  00 

1.56E  00 

3. 15E  00 

4.  48E-0  1 

30 .00 

3.98E  00 

1.18E  00 

1.88E  00 

2.  99E-01 

35.00 

2.80E  00 

9.06E-01 

1.16E  00 

2.  03E-01 

40.00 

2.03E  00 

7.07E-01 

7.44E-01 

1.  40E-01 

45.00 

1.51E  00 

5.58E-01 

4.88E-01 

9.  75E-02 

50.00 

1.15E  00 

4.45E-01 

3.26E-01 

6.  36E-02 

60.00 

6. 90E-01 

2.  9 IE-01 

1 .53E-01 

3.  50E-02 

70.00 

4.35E-01 

1.95E-01 

7.50E-02 

1. 83E-02 

80.00 

2. 85E-01 

1.34E-01 

3.82E-02 

9. 79E-03 

90.00 

1.92E-01 

9. 4 IE-02 

2.00E-02 

5.  34E-03 

100.00 

1.32E-01 

6.69E-02 

1.07E-02 

2. S5E-03 
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TABLE  A2.197 


ALPHAS  AS 
RIGIDITY 


INCIDENT  PARTICLES  SHIELD  MATERIAL  ALUMINUM 
OF  FLARE  = 200.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT 


DOSE  EQUIVALENT 


SHIELD 


0.0  G/CM2 

R.T  = 15.0  G/CM2 

R.T  = 0.0  G/CM2 

WITHOUT 

WITHOUT 

WITH 

DEPTH 

R# S (G/CM2) 

2.00 

3.00 

5.00 

7.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

60.00 

70.00 

80.00 
90.00 

100.00 


ATTENUATION 

REM 

1.00E  03 
5.79E  02 
2.72E  02 
1.58E  02 
8. 55E  01 
3.97E  01 
2.  19E  01 
1.34E  01 
8.  74E  00 
5.99E  00 
4.  24E  00 
3. 1 OE  00 
2.  31E  00 
1.35E  00 
8.33E-01 
5.36E-01 
3. 54E-01 
2.42E-01 


ATTENUATION 

REM 

1.84E  01 
1.66E  01 
1.37E  01 
1.15E  01 
8.89E  00 
6.05E  00 
4.27E  00 
3. 1 1E  00 

2.  3 IE  00 
1.75E  00 
1.35E  00 
1.05E  00 
8.28E-01 
5.33E-01 

3.  5 IE-  01 
2.39E-01 
1.66E-01 
1. 16E-01 


ATTENUATION 

REM 

9.54E  02 
5.37E  02 
2.40E  02 
1.33E  02 
6.65E  01 
2.72E  01 
1.33E  01 
7. 15E  00 
4.12E  00 
2.49E  00 
1.55E  00 
1.00E  00 
6.57E-01 
3.00E-01 
1.43E-01 
7.  19E-02 
3.69E-02 
1.96E-02 


DOSE  EQUIVALENT 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

REM 

9.06E  00 
7.99E  00 
6. 28E  00 
4.99E  00 
3.  60 E 00 
2.  16E  00 
1.35E  00 
8. 67E-01 
5.  69E-0  1 
3. 80E-01 
2. 59E-01 
1. 78E-01 
1. 24  E-0 1 
6. 21E-02 
3. 1 9E-02 
1. 69E-02 
9.  1 1E-03 
4. 99E-03 
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TABLE  A2.198 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  POLYETHYLENE 


RIGIDITY  OF  FLARE  = 200.  (MV) 

ABSORBED  DOSE 


B#T  = 0.0  G/CM2 


SHIELD 

WITHOUT 

DEPTH 

ATTENUATION 

R«  S (G/CM2) 

RAD 

2.00 

1.71E  02 

3.00 

1.05E  02 

5.00 

5.29E  01 

7.00 

3.21E  01 

10.00 

1.79E  01 

15.00 

8.  54E  00 

20.00 

4.75E  00 

25.00 

2.90E  00 

30.00 

1.88E  00 

35.00 

1.27E  00 

40.00 

8. 89E-01 

45.00 

6.  38E-01 

50.00 

4.67E-01 

60.00 

2.  64E-01 

70.00 

1.57E-01 

80.00 

9.  65E-02 

90.00 

6.13E-02 

100.00 

3. 99E-02 

ABSORBED  DOSE  ABSORBED  DOSE 

R,T  = 15.0  G/CM2  R,T  = 0.0  G/2M2 


WITHOUT 

WITH 

ATTENUATION 

ATTENUATION 

RAD 

RAD 

7.58E  00 

1.49E  02 

6.71E  00 

8.69E  01 

5.34E  00 

3.99E  01 

4.31E  00 

2.21E  01 

3.21E  00 

1.08E  01 

2.05E  00 

4.14E  00 

1.38E  00 

1.87E  00 

9.  58E-01 

9. 2 1E-0 1 

6.85E-01 

4.83E-01 

4.99E-01 

2.65E-01 

3.72E-01 

1.50E-01 

2.80E-01 

8.69E-02 

2. 14E-01 

5. 15E-02 

1.29E-01 

1.89E-02 

8.05E-02 

7.33E-03 

5. 17E-02 

2.93E-03 

3.39E-02 

1.21E-03 

2.26E-02 

5.09E-04 

ABSORBED  DOSE 
R#T  = 15.0  G/CM2 
WITH 

ATTENUATION 

RAD 

3.71E  00 
3. 15E  DO 
2. 30E  00 
1. 70E  00 
1.  12E  00 
5. 78E-01 
3.  14E-01 
1.77E-01 
1.02E-01 
6. 01E-02 
3.61E-02 
2. 202-02 
1. 36E-02 
5. 32E-03 
2. 15E-03 
8. 97E-04 
3. 79E-04 
1.63E-04 
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TABLE  A2.199 


ALPHAS  AS  INCIDENT  PAHTICLES  SHIELD  MATERIAL  POLYETHYLENE 
RIGIDITY  OP  FLARE  * 200.  (HV) 


DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

DOSE  EQUIVALENT 

R.T  « 0.0  G/CH2 

B,T  « 15.0  G/CH2 

R,T  = 0.0  3/CM2 

K,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CH2) 

REH 

REH 

REH 

REM 

2.00 

5.  91E  02 

1. 7 IE  01 

5.08E  02 

8. 10E  00 

3.00 

3.32E  02 

1.49E  01 

2.70E  02 

6.79E  00 

5.00 

1.50E  02 

1.16E  01 

1.10E  02 

4.86E  00 

7.00 

8.44E  01 

9.23E  00 

5.64E  01 

3.  53E  00 

10.00 

4.38E  01 

6.71E  00 

2.55E  01 

2.26E  00 

15.00 

1.93E  01 

4.16E  00 

9.01E  00 

1.  13E  00 

20.00 

1.02E  01 

2.72E  00 

3.84E  00 

5. 99E-01 

25.00 

5.97E  00 

1.85E  00 

1.82E  00 

3. 30E-01 

30.00 

3.75E  00 

1.30E  00 

9.26E-01 

1.87E-01 

35.00 

2.48E  00 

9.32E-01 

4.94E-01 

1.09E-01 

40.00 

1.70E  00 

6.85E-01 

2.74E-01 

6.45E-02 

45.00 

1.20E  00 

5. 1 1E-01 

1.56E-01 

3.88E-02 

50.00 

8.63E-01 

3.85E-01 

9.13E-02 

2.  36E-02 

60.00 

4.76E-01 

2.29E-01 

3.28E-02 

9.  14E-03 

70.00 

2.77E-01 

1.40E-01 

1.25E-02 

3. 64E-03 

80.00 

1.68E-01 

8. 9 IE-02 

4. 9 IE-03 

1. 50E-03 

90.00 

1.05E-01 

5.78E-02 

2.00E-03 

6. 30E-04 

100.00 

6.78E-02 

3.82E-02 

8.35E-04 

2. 69E-04 
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TABLE  A2.200 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OF  FLARE  = 200.  (MV) 


ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

ABSORBED  DOSE 

R*T  = 0.0  G/CM2 

R,T  = 15.0  G/CM2 

R,T  = 0.0  G/CM2 

B#T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

RAD 

RAD 

RAD 

RAD 

2.00 

3.26E  02 

8.33E  00 

3.16E  02 

4. 3 1 E 00 

3.00 

2.08E  02 

7.69E  00 

1.99E  02 

3.92E  00 

5.00 

1.12E  02 

6.60E  00 

1.03E  02 

3. 26E  00 

7.00 

7.09E  01 

5.70E  00 

6.35E  01 

2.73E  00 

10.00 

4.20E  01 

4.63E  00 

3.59E  01 

2.  12E  00 

15.00 

2.  17E  01 

3.37E  00 

1.71E  01 

1.43E  00 

20.00 

1.29E  01 

2.51E  00 

9.45E  00 

9.86E-01 

25.00 

8.  39 E 00 

1.91E  00 

5.66E  00 

6. 96E-01 

30.00 

5.76E  00 

1.49E  00 

3.59E  00 

4. 99E-01 

35.00 

4.  1 1 E 00 

1.17E  00 

2.37E  00 

3.  63E-01 

40.00 

3.02E  00 

9.3  IE-01 

1.61E  00 

2. 68E-01 

45.00 

2.  28E  00 

7.50E-01 

1.12E  00 

2. 00E-01 

50.00 

1.75E  00 

6.09E-01 

7.97E-01 

1. 50E-01 

60.00 

1.08E  00 

4.11E-01 

4.20E-01 

8. 66E-02 

70.00 

7.00E-01 

2.86E-01 

2.32E-01 

5. 14E-02 

80.00 

4.68E-01 

2.02E-01 

1.33E-01 

3. 11E-02 

90.00 

3. 23E-01 

1.46E-01 

7.82E-02 

1. 92E-02 

100.00 

2.  27E-01 

1.07E-01 

4.70E-02 

1. 20E-02 

TABLE  A2.201 


ALPHAS  AS  INCIDENT  PARTICLES  SHIELD  MATERIAL  COPPER 
RIGIDITY  OP  FLARE  - 200.  (MV) 

DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT  DOSE  EQUIVALENT 


R.T  * 0.0  G/CM2 

R#  T = 15.0  G/CM2 

R#T  * 0.0  G/CM2 

B,T  = 15.0  G/CM2 

SHIELD 

WITHOUT 

WITHOUT 

WITH 

WITH 

DEPTH 

ATTENUATION 

ATTENUATION 

ATTENUATION 

ATTENUATION 

R,S  (G/CM2) 

REM 

BEN 

REM 

REM 

2.00 

1.38E  03 

1.89E  01 

1.34E  03 

9.51E  00 

3.00 

8.05E  02 

1.73E  01 

7.68E  02 

8.58E  00 

5.00 

3.  85E  02 

1.47E  01 

3.56E  02 

7.03E  00 

7.00 

2.27E  02 

1.25E  01 

2.03E  02 

5. 82E  00 

10.00 

1.  24E  02 

1.00E  01 

1.06E  02 

4. 44 E 00 

15.00 

5.88E  01 

7.09E  00 

4.65E  01 

2. 92E  00 

20.00 

3.31E  01 

5. 18E  00 

2.42E  01 

1. 97E  00 

25.00 

2.05E  01 

3.87E  00 

1.39E  01 

1.36E  00 

30.  OC 

1.36E  01 

2.96E  00 

8.48E  00 

9. 64E-01 

35.00 

9.43E  00 

2.29E  00 

5.44E  00 

6. 92E-01 

40.00 

6.77E  00 

1.80E  00 

3.61E  00 

5.03E-01 

45.00 

5.00E  00 

1.44E  00 

2.46E  00 

3.71E-01 

50.00 

3.77E  00 

1.16E  00 

1.72E  00 

2. 76E-01 

60.00 

2.26E  00 

7.65E-01 

8.79E-01 

1. 56E-01 

70.00 

1.43E  00 

5.24E-01 

4.75E-01 

9. 15E-02 

80.00 

9.36E-01 

3.65E-01 

2.66E-01 

5. 45E-02 

90.00 

6. 35E-0 1 

2.60E-01 

1.54E-01 

3. 32E-02 

100.00 

4.40F-01 

1.89E-01 

9. 12E-02 

2.06E-02 
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Appendix  3 

SYSTEMATICS  OF  CALCULATIONS  THAT  INCLUDE  SECONDARY-PARTICLE 

PRODUCTION  AND  TRANSPORT 

A3. 1 INCIDENT  VAN  ALLEN  BELT  AND  SOLAR- FLARE  PROTONS 

The  secondary-particle  contributions  to  the  absorbed-dose  and  dose- 
equivalent  distributions  in  tissue  when  Van  Allen  belt  and  solar-flare  proton 
spectra  are  incident  on  the  spacecraft  shield  are  given  here.  These  distri- 
butions were  obtained  using  the  nucleon-meson  transport  code  NMTC**  for  the 
geometry  shown  in  Fig.  3.1.  The  mechanisms  utilized  in  this  code  for  the 
production  of  secondary  particles  and  their  subsequent  transport  through  the 
shield  and  tissue  are  described.  Included  is  a discussion  of  the  incident- 
particle  energy  and  angular-biasing  techniques  that  were  employed  to  im- 
prove the  statistical  accuracy  in  the  secondary-particle  dose  distributions. 
The  absorbed-dose  and  dose-equivalent  particle  distributions  computed  for 
the  incident  Van  Allen  belt  and  solar-flare  proton  spectra  for  all  of  the 
shield  materials  and  shield  thicknesses  considered  in  this  report  are  alto 
given. 

A3 . 1 • 1 The  Nucleon-Meson  Transport  Code  NMTC 

The  nucleon-meson  transport  code  NMTC  simulates  the  transport  of  nuc- 
leons and  pions  below  ~ 3 CeV  by  means  of  Monte  Carlo  techniques.  Detailed 
descriptions  of  NMTC  are  available, **»*2#1 ^ but,  for  completeness,  a dis- 
cussion of  the  physical  interactions  included  in  the  calculations  is  given 
here. 

Charged-Particle  Energy  Loss.  The  energy  loss  of  protons,  charged 
pions,  and  muons  is  treated  in  the  continuous  sloving-dovn  approximation 
using  known  energy  loss  per  unit  distance  of  such  particles.****01* 
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and  r lon-Nui- l eu*  N\»nc  1 a » 1 1 c Co  11  i * i on* . At  energies 
• 15  MeV  for  nucleons  anti  > 2.2  MeV  for  charged  pi  on*,  the  differencial  cross 
sections  for  nucleon  and  pion  emission  from  nuc iron-nucleus  and  pion-nucleus 
nonelastic  collisions  .ire  obtained  f ru»  the  intranuc lear-cascadc-evaporat ion 
»o<icl  of  nuclear  react  ion* . This  model  gives  the  energy  and  angular 

distribution  of  the  emitted  nucleons  and  pion*.  In  the  model  it  is  assumed 
that  a nonelastic  interaction  with  a nucleus  may  be  described  in  terms  of 
particle-particle  collisions  occurring  within  the  nucleus  and  that  the  kine- 
matics of  these  collisions  are  not  inf luenced  by  the  remaining  nucleon  popu- 
lation. Spatial  variations  of  the  energy  dUtr  ibut  ion,  number  density,  and 
potential  of  the  nucleons  inside  the  nucleus  are  taken  into  account.  Exper- 
imental data  for  free  particle-particle  cross  sections  are  used  in  trans- 
porting particles  within  the  nucleus.  The  intranuclear-cascade  prcducts  are 
comprised  of  an  excited  residual  nucleus  and  emitted  protons,  neutrons,  and 
and  T°-*uffsons. 

Pion  production  in  the  intranuc lear-cascade  calculation  is  based  on  the 
isobar  model  of  Sternhcimcr  and  Undenbaum. 1 1 * Only  single-  and  double-pion 
production  in  nuc teon-nuc leon  collisions  and  single-pion  production  in  pion- 
nuclcon  collisions  are  accounted  for.  The  evaporation  portion  of  ihr 
intranucl ear-cascade-evaporation  calculations  is  carried  out  with  the  code 
EVAJ*-4.*1  This  code  gives  an  estimate  of  the  energy  of  the  emitted  deu- 
terons,  tritons.  He's,  alpha  particles,  and  photons,  as  well  as  an  estimate 


110*  fc.  M.  >ternheimcr  and  S.  J.  t.indcnbaum,  "Extension  of  the  Isobaric  Nucleon 
Model  for  Pion  Production  in  Pion- Xuc leon.  Sue leon-Xuc leon,  and  Antinucleon 
Xucleon  Interactions,"  Phys.  Rev.  U).  113  (1961);  "Pion  Production  in 
Pion-Xucleon  Collisions,"  Phys.  Rev.  J09.  172)  (195*);  "isobaric  Xuoieon 
Model  for  Pion  Production  in  Xuc leon-Xuc leon  Collisions,"  Phv*.  Rev.  105 
1874  (1957).  7 — # 

11*.  M.  P.  Guthrie,  E\AP-4:  Another  Modi? icat ion  of  a Code  to  Calculate 

Particle  Evaporation  from  Excited  Compound  Xuclei,"  Oak  Ridge  Xationa! 
Laboratory  Report  ORXL-TM- Ji 19 , 1669. 
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of  the  kinetic  energy  of  the  recoiling  nucleus  from  a nonelastic  collision. 
The  differential  cross  sections  for  particle  production  from  nucleon  and 
pion  nonelastic  collisions  with  hydrogen  nuclei  are  the  same  as  those  used 
in  the  intranuclear-cascade  calculations  of  Bertini.07 

I* rot o«t* nucleus  nonelastic  collisions  below  15  MeV  and  pion-nucleus  non- 
elastic  collisions  below  2.2  MeV  (except  for  the  capture  of  iT-mesons  at 
rest)  are  neglected.  Particle  production  from  neutron-nucleus  nonelastic 
collisions  below  15  MeV  is  obtained  using  the  code  EVAP-4111  in  conjunction 

with  the  total  nonelastic  cross-section  data  on  the  05Rn?  master  cross- 
section  tape.* 

Nucleon-Nucleus  ;.nd  Plon-Nucleus  Elastic  Collisions.  The  elastic  col- 
lisions of  protons  and  pions  with  all  nuclei  other  than  hydrogen  are  neglec- 
ted. The  differential  cross  sections  for  the  elastic  collisions  of  neutrons 
with  nuclei  other  than  hydrogen  are  those  given  on  the  05R  master  cross- 
section  tape.  The  differential  cross  sections  for  the  elastic  collisions 
of  nucleons  with  energy  * 15  MeV  and  pions  with  energy  > 2.2  MeV  with  hydro- 
gen nut  lei  are  taken  from  experimental  data  and  are  the  same  as  those  used 
in  the  intranuclear-cascade  calculations. e‘*~07» 1 1 3 The  differential  cross 
sections  for  the  elastic  collisions  of  neutrons  with  energy  < 15  MeV  with 
hydrogen  nuclei  are  taken  from  the  05R  master  cross-section  tape/ 

♦This  cross-section  tape,  together  with  references  to  all  of  the  data  used 
is  available  on  request  from  the  Radiation  Shielding  Information  Center  of 
the  Oak  Ridge  National  Laboratory. 

112.  D.  C.  Irving  <rf  aZ. , "05R,  a General-Purpose  Monte  Carlo  Neutron  Trans- 
port Code,"  Oak  Ridge  National  Laboratory  Report  ORNL-3622,  1965. 

113.  M.  W.  Bertini,  "Monte  Carlo  Calculations  on  Intranuclear  Cascades," 

Oak  Ridge  National  Laboratory  Report  ORNL-3383,  1963. 
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Charged-Pion  Decay  in  Flight.  Charged  pions  are  unstable  and  may  decay 
into  muons  and  neutrinos.  Charged-pion  decay  in  flight  is  taken  into  account 
using  the  known  pion  lifetime.  When  a decay  occurs,  the  energy  and  angular 
distribution  of  the  produced  muon  is  obtained  by  assuming  that  the  decay  is 
isotropic  in  the  rest  frame  of  the  pion  and  by  using  the  Lorentz  transformation 
to  transform  the  distribution  from  the  pion  rest  frame  into  the  laboratory 
system.  The  produced  neutrino  is  of  no  interest  here  since  it  deposits  no 
energy  in  the  tissue. 

Charged-Pion  Decay  and  Capture  at  Rest.  When  a positively  charged  pion 
comes  to  rest,  it  will  ultimately  decay  into  a positively  charged  muon  and  a 
neutrino.  The  energy  and  angular  distribution  of  the  muon  may  be  obtained 
in  the  same  manner  as  when  a positively  charged  pion  decays  in  flight.  When 
a negatively  charged  pion  comes  to  rest,  it  will  not,  with  a very  large  proba- 
bility, decay  but  will  be  captured  by  a nucleus  and  will  produce  a variety  of 
secondary  particles.  For  the  results  reported  here,  it  is  assumed  that  all 
negatively  charged  pions  that  come  to  rest  are  captured,  and  the  energy  and 
angular  distribution  of  the  particles  produced  as  a result  of  this  capture 

is  obtained  from  the  intranuclear-cascade-evaporation  model  of  nuclear  re- 
actions . 1 

Neutral-Pion  Decay.  The  neutral  pion  is  very  unstable  and,  from  a 
practical  point  of  view,  it  may  be  assumed  that  this  particle  decays  into  two 
photons  at  its  point  of  origin.  The  two  photons  have  equal  and  opposite 
momenta  in  the  rest  system  of  the  pion,  and  the  sum  of  their  energies  In  this 
system  is  equal  to  the  pion  rest  energy.  The  energy-angle  distribution  of 
the  photons  in  the  laboratory  system  is  obtained  by  assuming  that  the  decay 
is  isotropic  in  the  rest  system  of  the  pion. 

114.  M.  P.  Cuthrie,  R.  C.  Alsmiller,  Jr.,  and  H.  W.  Bertini,  ’’Calculation  of 
the  Capture  of  Negative  Pions  in  Light  Elements  and  Comparison  with  Ex- 
periments Pertaining  to  Cancer  Radiotherapy,"  Nucl.  Inter.  Meth.  66,  29 
(1968);  with  erratu*  Nucl.  Instr.  Meth.  91,  669  (1971). 
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Muon  Decay  in  Flight  and  at  Rest.  Muons  are  unstable  and  may  decay  in- 
to electrons  or  positrons,  depending  on  the  charge  of  the  muons,  and  neutrinos. 
Muon  decay  in  flight  is  taken  into  account  using  the  known  muon  lifetime,  and 
muons  that  come  to  rest  are  assumed  to  decay  immediately. 

Thermal-Neutron  Capture.  Neutrons  that  become  thermalized  will  be  cap- 
tured by  hydrogen  and  nitrogen  in  the  tissue.  The  energy  deposited  by  the 
photons  produced  by  thermal-neutron  capture  in  hydrogen  and  by  the  protons 
produced  by  thermal-neutron  capture  in  nitrogen  is  included  in  the  calcula- 
tions by  using  the  known  capture  cross  section. 

A 3 . 1 . 2 Details  of  the  Transport  Calculations 

In  the  calculations  given  In  the  test,  protons,  neutrons,  charged  pions, 
and  muons  are  transported  through  the  shield  and  tissue  sphere  (see  Fig.  3.1), 
taking  into  account  the  energy  and  angular  distributions  with  which  the  par- 
ticles are  produced.  Heavy  nuclei,  i.e.,  nuclei  with  mass  number  > 1,  are 
not  transported  but  are  assumed  to  deposit  their  energy  at  their  point  of 
origin.  Since  the  range  of  these  particles  is  very  short,  this  assumption 
is  quite  valid.  Electrons  and  positrons  from  muon  decay  and  photons  from 
nonelastic  nucleon-nucleus  collisions  and  tt°  decay  are  also  assumed  to  de- 
posit their  energy  at  their  point  of  origin.  This  assumption  is  not  entirely 
valid,  but  since  these  particles  do  not  contribute  significantly  to  the  dose, 
it  is  acceptable. 

Energy  and  Angular  Biasing  of  the  Incident  Spectra.  The  depth-dose  dis- 
tributions reported  in  the  text  and  summarized  in  this  appendix  were  obtained 
using  NMTC  with  energy  and  angular  biasing  of  the  incident  source  distribu- 
tions incorporated  into  the  calculations.  The  unbiased  source  distribution 
for  incident  Van  Allen  belt  and  solar-flare  spectra  may  be  expressed  in  the 


form 
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J(E,$)  - 4>  G(E,$)  , 


(A3. 1) 


where 


J(E,1?)  - the  incident  source  particle  current, 

♦0  - « normalization  constant, 

G<E,S?)  - F(E,p,$)  . the  unbiased  probability  density  function  (pdf) 

for  source  particles  having  energy  E and 
directions  p - cos  0 and 
The  unbiased  pdf  is  normalized  so  that 

fEmax  f2v 

J 1 j dE  dp  d+  F(E,p,<fr)  - 1 

E . o o 
min 


(A3. 2) 


energy  Emln  (see 


for  all  particles  having  energies  greater  than  the  cutoff 
Sections  2.1.5  and  2.2.2). 

Letting  *(E)  be  the  omnidirectional  (over  Atr)  flux  spectrum,  then 

J<E.a>  - *tt>  (*)(£)  . (A3. 3) 

Integrating  «,.  A3.3  over  ail  directions  and  over  all  particle  energies  above 
the  cutoff  energy  E^  leads  to  the  normalization  constant  * , that  is 


*0  - / dE  «(.)  J1  dp  % /*'  d*  ± . l(E-m)  ~ 
E n 2 ~ 2 IT  L 


min 


(A3. 4) 


where 


y(E)  - / $(E»)  dE*  . 

E 

Introducing  F(E,p,*>  - f(E)  g(u)  h(*)f  the  unblaged 
be  written 


source  distribution  may 


* - y(E  ) 

J(E,i?)  - — "ln  , f («)  g(u)  „(♦)  , 


(A3. 5) 
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where 


V(E  ) 

max 


U 


f(E) 

g(p) 

h(4>) 


the  Initial  weight  assigned  to  each  source 


particle, 

the  pdf  in  energy  » 


*(E) 


the  pdf  in  polar  angle  * 2u, 

the  pdf  in  azimuthal  angle  ■ (2TT)”1. 


To  improve  the  statistical  fluctuations  in  the  dose  distributions  in 
the  tissue,  the  source-particle  energies  and  directions  were  not  sampled  from 
the  pdf's  given  above  but  instead  were  sampled  from  biased  distributions. 

These  biased  distributions  were  constructed  so  that  those  source-particle 
energies  and  directions  that  resulted  in  relatively  large  dose  contributions 
were  sampled  more  frequently.  Statistical  weighting  fractions  to  account  for 
the  biasing  were  then  applied  to  each  source  particle  so  that  the  original 
incident  source  spectral  shape  and  normalization  are  preserved.  For  the 

energy  biasing,  the  energy  intervals,  AE,  and  the  sampling  fractions  for  each 

energy  interval  used,  pE,  are  summarized  in  Table  A3.1  for  Van  Allen  belt 

and  solar-flare  spectra.  The  particle  energy  was  selected  uniformly  within 

each  energy  Interval  according  to  the  relation 

Es  - Ey  - R(Ey  - EL)  - Ey  - R(AE)  , (A3. 6) 

where 

Eg  ■ the  sampled  energy, 

Ey,Ey  * the  upper  and  lower  bounds,  respectively,  of  the 
energy  interval  in  which  the  sample  is  taken, 

R ■ a random  number  between  0 and  1. 
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TABLE  A3. 1 

Energy  Intervals  and  Sampling  Fractions  for  Source 
Energy  Biasing  in  NMTC  Calculations 


Energy  Interval 
(AE) 

(Mev) 

Fraction 

(PE) 

Van  Allen  Belt  Spectra 

30  - 

50 

.10 

50  - 

100 

.13 

100  - 

260 

.35 

260  - 

400 

.25 

400  - 

700 

.12 

700  - 

1000 

.05 

Solar-Flare  Spectra 

30  - 

50 

.05 

50  - 

100 

.05 

100  - 

200 

.30 

200  - 

400 

.50 

400  - 

3000 

.10 

4 34 


The  biased  pdf  in  energy  is  now  given  by 


f*fE) 


and  Eq.  A3. 5 may  be  rewritten  as 


(A3. 7) 


J(E,S)  - W 

o 


m 


f*(E) 


f*(E)  g(w)  h(*)  , 


where 


(_f*(E)J 


the  weight  factor  due  to  energy  biasing. 


Then 


J(E,S)  - wo  wE  f*(E)  g(n)  h(*)  . 


(A3. 8) 


(A3. 9) 


Angular  biasing  of  the  incident  spectra  was  accomplished  using  the 
scheme  illustrated  in  Fig.  A3. 7.  The  angular  intervals.  Ay,  and  the 
sampling  fractions,  p^,  for  samples  within  the  solid  angle  subtended  by 
the  tissue  sphere  were  computed  for  each  shield  thickness.  This  was  re- 
quired sirce  the  inner  radius  of  the  shield  was  fixed.  The  angular  in- 
tervals for  particles  having  initial  direction  cosines  toward  the  tissue 
sphere  were  computed  using  the  relation 


fa 


y^  * cos  jar cs in 


(2j  + 1)  cm 


1 150  cm  + ± fJ 


j - 0,  1, • • .7 


(A3. 10) 


where 


j * an  index  corresponding  to  the  fixed  shell  radii  in  the  tissue 
sphere  from  which  the  angular  biasing  intervals  are  established 
for  each  shield  thickness, 
t * the  shield  thickness  (g/cm2), 
p * the  density  of  the  shield  material  (g/cm3). 
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TABLE  A3. 2 

Angular  Intervals  and  Sampling  Fractions  for  Source  Particle 

Biasing  in  NMTC  Calculations 


Angular  Interval 
(Ay) 

Sampling  Fraction 

<p„> 

into  sphere 

.68 

e(y7)  - 7.5b 

.10 

7.5  - 12.5 

.10 

12.5  - 17.5 

.05 

17.5  - 22.5 

.03 

22.5  - 30.0 

.02 

30  - 60 

.01 

60  - 90 

.01 

1.00 

a.  See  Fig.  A3.1. 

b.  y is  determined  from  Eq.  A3. 10  for  each  shield  thickness. 

J7 
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For  calculational  purnoses,  the  angular  intervals  are  defined  by 
to  For  particles  directed  into  angular  intervals  beyond  the 

sphere,  the  sampling  fractions  and  angular  intervals  are  summarized  in 
Table  A3. 2.  At  the  wider  angles,  the  angular  intervals  were  fixed  for 
all  shield  thicknesses 

Particles  were  selected  uniformly  within  each  angular  interval  accord- 
ing to  the  formula 

y ' m uj  " R^j  “ yj+l^  ■ - R Ay  . (A3. 11) 

The  biased  pdf  in  polar  angle  can  now  be  written 

^ • 


and  Eq.  A3. 9 may  be  written 


J(E,S$)  - Wq  W£  Wy  f*(E)  g*(u)  h(*)  , 


(A3. 12) 


».  ■ tel  ■ [V1] 


where 

n> ”i  r^u  Awl 

the  weight  factor  due  to  direction 
biasing  interval  Ay  about  u. 

Since  all  source  particles  were  uniformly  sampled  in  the  azimuthal  angles, 
•>*(♦)  - h(*). 
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A3 . 1 . 3 Results  of  the  Calculations  for  Incident  Van  Allen  Belt  and 
Solar-Flare  Proton  Spectra 

All  of  the  calculated  particle  contributions  to  the  absorbed-dose  and 
dose-equivalent  distributions  obtained  using  NMTC  for  the  incident  Van 
Allen  belt  and  solar-flare  proton  spectra  are  presented  in  Figs.  A3. 2 
through  A3. 41.  For  all  of  the  results,  the  geometry  Is  that  given  in 
Fig.  3.1  where  r^  - 15  g cm"2.  In  the  distributions,  the  contributions 
to  the  dose  include  chose  from  primary  protons  as  well  as  secondary  protons, 
heavy  nuclei,  charged  pions,  photons  from  neutral  pions,  electrons,  posi- 
trons, photons,  and  muons.  Additional  details  of  the  mechanisms  leading 
to  these  contributions  were  discussed  in  Section  6.2. 

For  each  incident  Van  Allen  belt  spectrum,  the  absorbed-dose  rate 
(rad/day)  and  the  dose-equivalent  rate  (rem/day)  are  given  in  Figs.  A3. 2 to 
A3. 19  as  a function  of  depth  in  the  tissue  for  the  particle  types  given 
above.  For  the  incident  solar  flares,  the  absorbed-dose  (rad)  and  dose- 
equivalent  (rem)  distributions  are  given  in  Figs.  A3. 20  to  A3. 41. 

The  data  are  presented  for  the  Van  Allen  spectra  for  increasing  orbital 
altitudes,  while  the  solar-flare  results  are  given  in  order  of  decreasing 
characteristic  rigidity.  Where  more  than  one  shield  thickness  is  reported 
for  a given  incident-particle  spectrum,  the  results  are  given  in  order  of 
increasing  shield  thickness. 

It  should  be  noted  that  all  of  the  data  are  presented  on  6-cycle  semi- 
logarithmic  displays.  This  was  done  to  avoid  needless  compression  of  the 
data.  In  some  of  the  graphs,  the  histograms  for  those  particles  making 
small  contributions  to  the  dose  are  not  continuous  and  gaps  may  appear 
since  the  dose  in  that  interval  falls  below  the  smallest  value  in  the  dose 
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Fig.  A3. 2.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  240  nautical  miles  and  an  orbital 
inclination  of  30  is  isotropically  incident  on  a 20-g-cm“2-thick  aluminum 


ORNt-DWG  71-*0?65 


o PRtMARY  PROTONS  * CHARGED  PlONS 

* SECONDARY  PROTONS  ♦ PHOTONS  FROM  NEUTRAL  PlONS 

♦ HEAVY  NUCLEI  ♦ ELECTRONS.  POSITRONS.  PHOTONS 

* MUONS 


K)*' 

5 


2 

5 * - 


5 

e 

4> 


Ui 

K- 

< 

CL 


UJ 

-J 

i 

s 

Ui 

U 

cn 


10 


*r 

i « 

5 U 


2 r 

10’4  - 
L 

5 r 


2 • 

10" 5 • 


10' 


2 

6 i. 


2 b 

10"7  l 
0 


«* 


X, 


r_T^ 


’1 


1 


1 


L.. 


j-*-*-*- 


V 

L 


- .<  ►— # 


* 

a 


TJ 


.L 

2 


J 1 I I 1_  I 


Fig.  A3. 3. 


4 6 8 10 

DEPTH  IN  TISSUE  (g  cm"2) 

• 

Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  .of  depth  in  tissue  wb  :n  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  240  nautical  m .les  and  an  orbital 
inclination  of  30°  is  isotropically  incident  on  a 20-g-cm“2-thick  aluminum 
shield. 
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Fig.  A3. 5.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  en  altitude  of  240  nautical  mil'es  and  an  orbital 
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Fig.  A3. 6.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  240  nautical  miles  and  an  orbital 
inclination  of  30°  is  isotropically  incident  on  a 35-g-cnf 2-thick  copper 
shield. 
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Fig.  A3. 7.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  240  nautical  miles  and  an  orbital 
inclination  of  30°  is  isotropically  incident  on  a 35-g-cm“2-thick  copper 
shield. 
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Fig.  A3. 8.  Contributions  from  Che  various  types  of  particles  to  the 
a sorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbit 

lene  shJeW.  ^ ^ 1S°Cr&picaU*  incident  - S-g-cm'*- thick  polyet^ 
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Fig.  A3. 9.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 
inclination  of  30  is  isotropically  incident  on  a 5— g— cm  thick  polyethy- 
lene shield. 
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Fig.  A3. 10.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 
inclination  of  30°  is  isotropically  incident  on  a 20-g-cm"2-thick  polyethy- 
lene shield.  7 
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Fig.  A3. 11.  Contributions  to  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 
Inclination  of  30°  is  isotropically  incident  on  a 20-g-cnT2-thick  polyethy- 
lene shield. 
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. I1!*/3*12*  Contributions  from  the  various  types  of  particles  to  the 

absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 

lene  shield  **  lsotro>>ically  lnciden<:  a 35-g-c»-2-thick  polyethy- 
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Fig.  A3. 13.  Contributions  to  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 
inclination  of  30  is  isotropically  incident  on  a 35-g-cm~2-thick  polyethy- 
lene shield.  7 
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Fig.  A3. 14.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 

inclination  of  30  is  isotropically  incident  on  a 75-g-cm”2- thick  polyethy- 
lene shield.  7 7 
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Fig.  A3. 15.  Contributions  to  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  1500  nautical  miles  and  an  orbital 
inclination  of  30°  is  isotropically  incident  on  a 75-g-cm”2-thick  polyethy- 
lene shield. 
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Fig.  A3. 16.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  6000  nautical  miles  and  an  orbital 

inclination  of  30°  is  isotropically  incident  on  a 20-g-cm~2-thick  aluminum 
shield. 
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Fig.  A3. 17.  Contributions  to  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  6000  nautical  miles  and  an  orbital 

inclination  of  30  is  isotropically  incident  on  a 20-g-cm“ 2-thick  aluminum 
shield. 
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Fig.  A3. 18.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
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Fig.  A3. 19.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a Van  Allen  belt 
spectrum  corresponding  to  an  altitude  of  6000  nautical  miles  and  an  orbital 

inclination  of  30  is  isotropically  incident  on  a 20-g-cnT2- thick  polyethy- 
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Fig.  A3. 20.  Contributions  from  the  various  types  of  particles  to  the 
absorbed  dose  as  a function  of  depth  in  tissue  when  a solar  lare  proton 
spectrum  with  a characteristic  rigidity  of  200  MV  is  isotropically  incident 
on  a 20-g-cm~2-thick  aluminum  shield. 
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A3. 23.  Contributions  from  the  various  types  of  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  200  MV  is  isotropically  incident 
on  a 20-g-cm"2- thick  polyethylene  shield. 
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Fig.  A3. 27.  Contributions  from  the  various  tvpes  of  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 20-g-cnT2- thick  aluminum  shield. 
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Fig.  A3. 29.  Contributions  from  the  various  types  of  particles  to  the 

dose  equivalent  as  a function  of  depth  in  tissue  when  a soLr-flare  proton 

spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 35-g-cm  2-thick  aluminum  shield.  tropically  incident 
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Fig.  A3. 31.  Contributions  from  the  various  types  of  particles  to  th< 
ose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  protoi 
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Fig.  A3. 32.  Contributions  from  the  various  types  of  particles  to  the 
absorbed  dose  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 20-g-cm  ^-thick  polyethylene  shield. 
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Fig.  A3. 33.  Contributions  from  the  various  types  cf  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 20-g-cm  -thick  polyethylene  shield. 
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Fig.  A3. 35.  Contributions  from  the  various  types  of  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 35-g-cm”2- thick  polyethylene  shield. 


ABSORBED  DOSE  (rod) 


472 


ORNL-DWG  71-110*2 

° PRIMARY  PROTONS  x CHARGED  PIONS 

A ucmI!0!,?!  PROTONS  * PHOTONS  FROM  NEUTRAL  PIONS 
+ HEAVY  NUCLEI  ♦ ELECTRONS,  POSITRONS,  PHOTONS 

5 L ' 1 

I I 


5 

2 


5 

2 


5 

2 


0 2 4 6 8 10  12  14 

DEPTH  IN  TISSUE  (g  cm*2) 


Fig.  A3. 36.  Contributions  from  the  various  types  of  particles  to  the 
absorbed  dose  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 35-g-cm“ -thi ok  copper  shield. 
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Fig.  A3. 37.  Contributions  from  the  various  types  of  particles  to  the 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  100  MV  is  isotropically  incident 
on  a 35-g-cm“2- thick  copper  shield. 


474 


ORNL-OWG  71-11002 

® PRIMARY  PROTONS  x CHARGED  PIONS 
* SECONDARY  PROTONS  « PHOTONS  FROM  NEUTRAL  PIONS 
+ HEAVY  NUCLEI  ♦ ELECTRONS,  POSITRONS,  PHOTONS 

* MUONS 


Fig.  A3. 38.  Contributions  from  the  various  types  of  particles  to  the 
absorbed  dose  as  a function  of  depth  in  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  50  MV  is  isotropically  incident 
on  a 20-g-cm~2- thick  aluminum  shield. 
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Fig.  A3. 39.  Contributions  from  the  various  types  of  particles  to  the 
dose  equivalent  as  a function  of  depth  In  tissue  when  a solar-flare  proton 
spectrum  with  a characteristic  rigidity  of  50  MV  is  isotropically  incident 
on  a 20-g-cm  2- thick  aluminum  shield.  7 lncldent 


476 


absorbed  dose  as  a function  ol^pth  i^tiMue'rti^^^ola^-f latent 

orr^g^-^th^^^jL^shuL:' 50  ^ is  i8otropicauy  ^ 


OOSE  EQUIVALENT  (rem) 


© PRIMARY  PROTONS 
A SECONDARY  PROTONS 
+ HEAVY  NUCLEI 


ORNL-DWG  71-10987 

x CHARGED  PIONS 

♦ PHOTONS  FROM  NEUTRAL  PIONS 

♦ ELECTRONS,  POSITRONS,  PHOTONS 

♦ MUONS 


Fig.  A3. 41.  Contributions  from  the  various  types  of  particles  to  th 
dose  equivalent  as  a function  of  depth  in  tissue  when  a solar-flare  proto 
spectrum  with  a characteristic  rigidity  of  50  MV  is  isotropically  inciden 
on  a 20-g-cm  2-thick  polyethylene  shield. 
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A3. 2 INCIDENT  GALACTIC  COSMIC-RAY  PROTONS 

When  galactic  cosmic-ray  proton  spectra  are  incident  on  the  spacecraft 
shield,  the  secondary-particle  contributions  to  the  absorbed-dose  and  dose- 
equivalent  distributions  in  tissue,  which  were  previously  introduced  in 
Chapter  7,  are  given  here.  These  distributions  were  obtained  using  the  high- 
energy  nucleon-meson  transport  code  HETC70  for  the  geometry  shown  in  Fig.  3.1. 
HETC  is  discussed  along  with  calculational  methods  for  predicting  high-energy 
(>  3 GeV)  nucleon-  and  charged-pion-collision  phenomena.  Methods  for  sampling 
from  the  galactic  cosmic-ray  proton  energy  spectra  and  the  angular  biasing 
scheme  used  in  the  calculations  are  discussed. 

A3. 2.1  The  High-Energy  Transport  Code  HETC 

The  high-energy  transport  code  HETC70  is  a high-energy  version  (>  3 GeV) 
of  the  nucleon-meson  transport  code  NMTC  discussed  in  Section  A3. 1.1.  HETC 
simulates  the  transport  of  nucleons  and  pions  in  exactly  the  same  manner  as 
does  NMTC  with  two  major  exceptions.  Above  the  NMTC  energy  limits,69* 92» 104 
corresponding  to  3.3  GeV  for  nucleons  and  2.5  GeV  for  charged  pions,  an  ex- 
trapolation method109  is  used  to  calculate  the  nonelastic  nucleon-nucleus 
and  charged-pion-nucleus  collisions  (excluding  hydrogen),  while  an  analytical 
procedure115  is  used  to  describe  the  elastic  and  nonelastic  nucleon-  and 
charged-pion-hydrogen  collisions . 

The  differential  particle  spectra  resulting  from  nonelastic  nucleon- 
and  charged-pion-nucleus  collisions  (excluding  hydrogen)  are  treated  using 
an  extrapolation  model  due  to  Gabriel  et  at. 109  In  this  model,  the  data 

115.  T.  A.  Gabriel,  R.  T.  Santoro,  and  J.  Barish,  "A  Calculational  Method 
for  Predicting  Particle  Spectra  from  High-Energy  Nucleon  and  Pion 
Collisions  (^  3 GeV)  with  Protons,”  Oak  Ridge  National  Laboratory  Re- 
port ORNL-TM-3615 , 1971. 
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generated  by  the  intranuclear-cascade  code  of  Bertini111  at  the  upper  energy 
limit  are  scaled  to  produce  the  deferential  cross  sections  for  the  particle- 
nucleus  collision  at  the  selected  higher  energy.  Scaling  is  performed  in 
the  center-of -momentum  system  by  assuming  that  each  scaled  and  unsealed 
secondary-particle  energy  is  related  linearly  wiih  respect  to  the  center-of- 
momentum  energies  of  the  incident  scaled  and  unsealed  particles.  The  addi- 
tional assumption  is  made  that  the  transverse  momentum  of  each  scaled  second- 
ary particle  is  the  same  as  its  unsealed  counterpart.  Weighting  factors  are 
used  to  conserve  total  energy  and  momentum. 

The  excitation  of  the  residual  nucleus  from  the  high-energy  collision 
is  taken  to  be  the  same  as  the  excitation  of  the  residual  nucleus  in  the  un- 
sealed collision.  This  assumption  is  justified  to  the  extent  that  experi- 
mental data  from  high-energy  reactions  in  emulsions  indicate  that  the  number 
of  low-energy  charged  particles  emitted  is  a slowly  varying  function  of  the 
incident-particle  energy  above  ~ 10  GeV. 

The  elastic  and  nonelastic  nucleon-proton  and  charged-pion-proton  col- 
lisions above  the  NMTC  energy  limit  are  simulated  using  a calculational  pro- 
cedure.*^ The  nucleon-proton  and  charged-pion-proton  interaction  cross 
sections  are  taken  from  the  compilations  of  Barashenkov8 3 and  of  Bertini  et 
al, 87  These  data  are  included  in  the  calculational  procedure  through 
parametric-fitting  techniques  to  obtain  analytic  functions.  The  elastic 
nucleon-  and  charged-pion-proton  differential  scattering  cross  sections  are 
also  obtained  from  parametric  fits  to  experimental  data. 

116.  H.  W.  Bertini,  M.  P.  Guthrie,  and  0.  W.  Hermann,  "Instructions  for  the 
Operation  of  Codes  Associated  with  MECC-3,  a Preliminary  Version  of  an 
Intranuclear-Cascade  Calculation  for  Nuclear  Reactions,"  Oak  Ridge  Na- 
tional Laboratory  Report  ORNL-4564,  1971;  see  also  Computer  Code  Ab- 
stract "MECC-3,  a Monte  Carlo  Intranuclear-Cascade  Code  for  Medium- 
Energy  (<  3500  MeV)  Particle-Nucleus  Collisions,"  Nucl.  Sci.  Eng.  46, 

437  (1971). 
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Nonelastic  nucleon  and  charged-pion  spectra  resulting  from  these  col- 
lisions are  obtained  from  modified  Ranft-Borak  nucleon-  and  pion-production 
distributions. * * ^ The  nonelastic  collision  events  are  computed  from  the 
Ranft-Borak  p + p functions  using  assumptions  for  n + p and  tt+  + p collisions. 
The  details  attendant  to  these  assumptions  are  rigorous,  and  the  reader  is 
directed  to  Ref.  115  for  further  insight  into  the  calculation. 

For  each  collision  event  and  for  the  average  of  many  events,  energy  and 
nucleons  are  conserved  and  spectral  shape  is  preserved  over  an  angular  inter- 
val from  0 to  45°.  Standard  sampling  and  storage  techniques  that  can  be  em- 
ployed to  conserve  these  quantities  are  utilized  to  obtain  the  secondary- 
particle  type,  energy,  and  direction  cosines  that  result  from  a specified 
collision. 

A3 . 2 . 2 Details  of  the  Transport  Calculations 

For  the  calculations  of  the  depth-dose  distributions  arising  from  galac- 
tic cosmic-ray  protons,  the  transport  of  nucleons,  charged  pions,  and  muons 
is  handled  in  the  same  manner  as  that  described  in  Section  A3. 1.2.  For  these 
calculations,  however,  the  spatial  distribution  of  the  energy  deposition  due 
to  electrons  and  positrons  from  muon  decay  and  photons  from  tt°  decay  is  taken 
into  account  in  an  approximate  manner92  rather  than  assuming  that  this  energy 
is  deposited  at  the  spatial  point  where  the  electrons,  positrons,  and  photons 
are  produced. 

To  realize  improved  statistical  accuracy  in  the  tissue  sphere,  splitting 
of  both  primary  and  secondary  particles  at  the  interface  of  the  void  and 
tissue  sphere  is  utilized;  i.e.,  a single  incident  particle  having  a large 
weight  W is  split  and  treated  as  n particles,  each  of  reduced  weight  W/n. 

117.  J.  Ranft  and  T.  Borak,  "Improved  Nucleon-Meson  Cascade  Calculations," 
National  Accelerator  Laboratory  Report  FN-193,  1100.0,  1969. 
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Angular  and  Energy  Biasing  of  the  Incident  Spectrum.  The  angular  bias- 
ing scheme  for  the  galactic  cosmic-ray  proton  calculations  follows  the  same 
procedure  as  that  given  in  Section  A3. 1.2.  However,  now  only  34%  of  the  in- 
cident particles  are  allowed  to  have  initial  direction  cosines  toward  the 
tissue  sphere.  The  angular  intervals  are  derived  from  Eq.  A3. 10  and  the 
sampling  fractions  for  these  intervals  are  one-half  of  those  indicated  in 
Fig.  A3.1.  The  remaining  66%  of  the  particles  are  directed  into  the  angular 
intervals  0(y  ) - 45°  with  p = 0.40  and  45  to  90°  with  p = 0.26. 

' M y 

For  incident  cosmic-ray  protons,  a quota  sampling  scheme  is  used  to 
select  from  the  energy  spectra.  In  these  calculations,  the  galactic  proton 
energy  spectra  range  from  30  MeV  to  200  GeV.  Following  the  notation  of 
Section  A3. 1.2,  the  source-particle  current  may  be  written  in  the  form  given 
in  Eq.  A3.12;  i.e., 

J(E,fo  = WQ  W£  f*(E)  g*(W)  h(*)  , 

where  Wq,  W^,  g*(y),  and  h(<f>)  have  the  same  meanings  as  in  Section  A3. 1.2. 
For  quota  sampling,  the  probability  density  function  in  energy  is  given  by 


f (El  . ♦■(E) 
f(E)  ’ *<Eo)  * 

Now,  the  biased  pdf  in  energy  is  given  by 


n 


* i 

f*(E)  - 


where 


the  probability  that  n particles  are  selected  rrom  the  ith 
energy  interval. 


= the  probabilicy  that  the  particle  has  energy  dE  about  E. 


- I l!  & . UUMftMl 


Hgmwwu * ~ ■ -.-  ■*- 
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The  values  ru  and  the  corresponding  energy  intervals  used  are  given  in 
Table  A3. 3.  Writing 

u - f (E)  - 

E f *(£)  ~ ^“e  wei§ht  factor  from  energy  biasing  through  quota 

sampling, 


then 

= WQ  W£  Wy  f *(E)  g*(W)  h(^) 


as  before. 

&3.2.3  Results  of  Calculations  for  Incident  Galactic  Cosmic-Ray  Proton 
Spectra 

The  calculated  particle  contributions  to  the  absorbed-dose-rate  and 
dose-equivalent-rate  distributions  obtained  using  HETC  for  incident  galactic 
cosmic-ray  proton  spectra  are  presented  in  Figs.  A3. 42  to  A3. 49.  For  all 
of  the  results,  the  geometry  is  that  given  in  Fig.  3.1  where  rT  = 15  g cm”2. 
In  the  distributions,  the  contributions  to  the  dose  rate  include  those  from 
primary  protons  as  well  as  from  secondary  protons,  heavy  nuclei,  charged 
pions,  photons  from  neutral  pions,  electrons,  positrons,  photons,  and  muons. 
Additional  details  of  the  mechanisms  leading  to  these  contributions  may  be 
found  in  Section  6.2. 

The  dose  distributions  are  presented  when  galactic  solar-minimum  pro- 
tons are  incident  on  5-,  20- , and  35-g-cm  2- thick  aluminum  shields  (Figs. 

A3. 42  to  A3. 47)  and  when  galactic  solar-maximum  protons  are  incident  on  a 
35-p-^-?_thlck  aluminum  shield  (Figs.  A3. 48  and  A3. 49).  The  results  are 
plotted  on  4-cycle  semilogarithmic  displays  to  avoid  compression  of  the  data. 
In  some  of  the  graphs,  gaps  in  the  histograms  may  appear  where  contributions 
to  the  dose  are  smaller  than  the  smallest  value  on  the  dose  scale. 


w 
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TABLE  A3. 3 

Energy  Intervals  and  Quota-Sampling  Values  for  Energy  Biasing 
of  Galactic  Cosmic-Ray  Proton  Spectra 


Interval 

Number 


Energy  Interval 
(MeV) 


1 

30  - 

100 

10 

2 

100  - 

500 

40 

3 

500  - 

1,000 

20 

4 

1,000  - 

3,000 

9 

5 

3,000  - 

6,000 

6 

6 

6,000  - 

10,000 

5 

7 

10,000  - 

30,000 

4 

8 

30,000  - 

60,000 

3 

9 

60,000  - 

100,000 

2 

10 

100,000  - 

200,000 

1 

10 
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Fig.  A3. 42.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 5-g-cnT2- 
thick  aluminum  shield. 
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Fig.  A3. A3.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 5-g-caT2- 
thick  aluminum  shield. 
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Fig,  A3,44,  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 20-n-cm*2- 
thick  aluminum  shield. 
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Fig.  A3. 45.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 20-a-cm”2- 
thick  aluminum  shield. 
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Fig.  A3. 46.  Contributions  from  the  various  types  of  particies  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic- 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 35-g-cm”2- 
thick  aluminum  shield. 
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Fig.  A3. 47.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic 
ray  solar-minimum  proton  spectrum  is  isotropically  incident  on  a 35-g-cm"2- 
thick  aluminum  shield. 
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Fig.  A3. 48.  Contributions  from  the  various  types  of  particles  to  the 
absorbed-dose  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmic 
ray  solar-maximum  proton  spectrum  is  isotropically  incident  on  a 35-g-cm”2 
thick  aluminum  shield. 
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Fig.  A3. 49.  Contributions  from  the  various  types  of  particles  to  the 
dose-equivalent  rate  as  a function  of  depth  in  tissue  when  a galactic  cosmi 
ray  solar-maximum  proton  spectrum  is  isotropically  incident  on  a 35-g-cm”2- 
thJck  aluminum  shield. 
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Appendix  4 

SHIELDING  AGAINST  GALACTIC  COSMIC-RAY  ALPHA 
PARTICLES  AND  HEAVIER  NUCLEI 

In  Chapter  7 results  that  include  the  production  and  transport  of  nuc- 
lear-reaction products  for  the  case  of  incide.it  galactic  cosmic-ray  protons 
were  presented.  Similar  calculations  for  incident  galactic  cosmic-ray  alpha 
particles  and  heavier  nuclei  cannot  bo  carried  out  because  the  necessary  dif- 
ferential particle-production  date  from  the  nuclear  collisions  of  these  par- 
ticles are  not  available.  Estimates  of  the  absorbed-dose  rate  and  dose- 
equivalent  rate  produced  by  these  heavier  cosmic-ray  nuclei  are  presented  in 
this  appendix.  These  estimates  were  obtained  by  neglecting  the  contributions 
of  all  nuclear-reacti jp.  products,  and  therefore  they  must  be  considered  to 
be  very  approximate.  Results  for  incident  galactic  cosmic-ray  protons  are 
also  presented  for  comparative  purposes.  Calculated  data  similar  to  those 
presented  here  were  previously  given  by  Curtis  and  Wilkinson118  and  by 
Burrell  arJ  Wright.118 

A4.1  METHOD  OF  CALCULATION 

The  geometry  considered  here  is  that  shown  in  Fig.  3.1.  All  of  the 
calculated  results  have  been  obtained  by  making  suitable  modifications  in 
the  code  TRAPP.103  The  transport  equations,  which  apply  to  incident  galactic 
cosnic-ray  heavy  nuclei  when  nuclear-reaction  products  are  neglected,  are 

118.  S.  fi.  Curtis  and  M.  C.  Wilkinson,  "Study  of  Radiation  Hazards  to  Man 
on  Extended  Missions,"  National  Aeronautics  and  Space  Administration 
Report  NASA  CR-1037,  1968. 

119.  M.  0.  Burrell  and  J.  J.  Wright,  "The  Estimation  of  Galactic  Cosmic  Ray 
Penetration  and  Dose  Rates,"  George  C.  Marshall  Space  Flight  Center  Re- 
port NASA  TN  D-6600,  1972. 
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the  same  as  those  discussed  in  Section  3.1  and  included  in  TRAPP.  There- 
fore, it  wes  necessary  to  modify  only  the  physical  data  in  TRAPP,  i.e., 

Stopping  powers,  collision  cross  sections,  etc,  to  obtain  the  results  pre- 
sented  in  this  appendix. 

For  incident  protons  and  alpha  particles  with  energy  < 3 GeV,  the  stop- 
ping powers  and  nuclear-collision  cross  sections  used  are  those  given  in 
Sections  4.1,  4.2,  4.5,  and  4.6.  Above  3 GeV,  the  proton  stopping  powers 
were  taken  from  the  work  of  Hill  et  aZ.8°  and  at  all  energies  above  8 MeV, 
the  alpha-particle  stopping  powers  were  obtained  using  the  scaling  law  dis- 
cussed in  Section  4.2.  At  energies  above  3 GeV,  the  proton  and  alpha-particle 

nuclear-collision  cross  sections  were  assumed  to  be  constant  and  to  be  equal 
to  their  value  at  3 GeV. 

The  stopping  powers  for  ions  heavier  than  alpha  particles  were  obtained 
using  a code  written  by  Armstrong  and  Chandler.*  This  code  calculates  the 
proton  stopping  power  from  the  Bethe-Bioch  formula63  and  utilizes  a scaling 
law  similar  to  that  described  in  Section  4.2  to  obtain  the  stopping  powers 
for  all  heavy  (A  > 1)  ions.  In  the  low-energy  region  where  the  ions  cannot 

be  assumed  to  be  fully  ionized,  the  code  of  Armstrong  and  Chandler  utilizes 
the  effective  charge  formulation  of  Bichsel.120 

The  nuclear-collision  cross  sections  for  the  collision  of  nuclei  heavier 
than  alpha  particles  with  nuclei  other  than  hydrogen  were  obtained  from  the 


*Thanks  are  due  to  T.  W.  Armstrong  and  K.  C.  Chandler  of  the  Oak  Ridge  Na- 
tional Laboratory  for  making  this  code  available  to  us  prior  to  its  oubli- 
cation.  r 


120. 


H.  Bichsel,  "Passage  of  Charged  Particles  Through  Matter,"  Chapter  8c 

in  American  institute  of  Physics  Handbook.  Second  Edition,  McGraw  Hill 
New  York,  1563. 
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geometric  expression* 

Vaj  * ’ ri(A'/J  + Ai,/J)2  • <*4  l> 

where 

A,Aj  * the  atomic  weight  of  the  target  nucleus  and  the  incident 

nucleus,  respectively, 

r « 1.17  * 10~13  cm. 
o 

The  cross  sections  for  the  nuclear  collisions  of  heavy  nuclei  with  hydrogen 
were  taken  to  be  independent  of  energy  and  were  assumed  to  be  equal  to  the 
values  given  by  Bertini05  for  3-GeV  proton-nucleus  collisions.  It  is  to  be 
understood  that  the  cross-section  data  used  here  are  not  well  established 
and  must  be  considered  to  be  very  approximate. 

The  absorbed-dose-rate  and  dose-equivalent-rate  calculations  were 
carried  out  in  the  manner  described  in  Section  3.3.  In  particular,  the 
quality  factor  as  a function  of  linear  energy  transfer  was  taken  to  be  that 
shown  in  Fig.  4.12. 


*See  the  review  article  by  Webber  in  Ref.  8 
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M.2  RliSULTS  AND  DISCUSSION 

Calculations  have  been  carried  out  for  each  of  the  nuclear  species* 
shown  In  Table  2.5  Incident  on  aluminum  shields  of  thicknesses  of  2 to  100  g 
cm  2.  For  all  shield  thicknesses  considered,  results  have  been  obtained  with 

rT  g cm  2 and  rT  - 0 and  with  the  attenuation  due  to  nuclear  collisions 

both  included  and  neglected.  In  the  case  of  protons  and  alpha  particles, 
the  solar-minimum  spectra  shown  in  Fig.  2.20  were  used.  In  the  case  of 
heavier  nuclei,  the  incident  spectra  were  obtained  from  the  solar-minimum 
alpha-particle  spectrum  given  in  Fig.  2.20  in  the  manner  described  in  Sec- 
tion 2.3.  The  total  number  of  incident  particles  (protons,  alpha  particles, 
and  heavy  nuclei)  with  energy  > 30  MeV  per  nucleon  is  3.61  particles  cm*2  sec. 

In  Fig.  A4 . 1 the  total  absorbed-dose  rate,  i.e.,  the  sum  of  the  absorbed- 
dose  rates  from  all  incident-particle  species,  as  well  as  the  absorbed-dose 
rate  from  each  incident-particle  species,  is  shown  as  a function  of  shield 
thickness  for  the  case  of  rT  - 15  g cm*2.  The  solid  curves  give  the  results 
when  the  attenuation  due  to  nuclear  collisions  is  neglected  and  the  dashed 
curves  give  the  results  when  the  attenuation  due  to  nuclear  collisions  is 
Included.  In  Fig.  A4.2,  the  total  dose-equivalent  rate  and  the  dose-equivalent 
rate  due  to  each  of  the  incident-particle  species  are  shown  as  a function  of 
shield  thickness  for  rT  - 15  g cm'2.  In  Figs.  A4.3  and  A4.4,  similar  results 
are  given  for  rT  * 0.  Numerical  values  for  a few  shield  thicknesses  from  the 

curves  in  Figs.  A4.1  to  A4.4  are  given  in  Tables  A4.1  to  A4.4,  respectively. 

The  most  significant  results  to  be  noted  from  the  figures  is  the  very  slow 

Mn  those  cases  where  a singleabundance  is  given  in  Table  2.5  for  a group 
of  nuclei,  it  has  been  assumed  that  the  group  may  be  characterized  by  a 
single  atomic  weight  and  atomic  charge.  The  Li-B  group  was  given  Z • 4, 

A - 9;  the  F-Sc  group  was  given  Z - 18,  A - 37;  and  the  Ti-Ni  group  was* 

given  Z • 25,  A • 54. 
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SHIELD:  ALUMINUM WITH  NUCLEAR  ATTENUATION 


Fig.  A4.2.  Dose-equivalent  rate  of  the  individual  galactic  cosmic-ray 
ion  species  vs  spherical-shell-shield  thickness. 
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TABLE  A4.2 

CONTRIBUTION  OF  INDIVIDUAL  GALACTIC  COSMIC- BAY  ION  SPECIES  TC  TOTAL  DOSE- EQUIVALENT  BATE 


Shield  • Alunlnua 
rT  • IS  g cwT2 

Dose-Equivalent  Rate  (re*  sec”1)  and  Relative  Dose- Equivalent  Rate  Due  To  Incident  Ion  Species* 
rf  - 2 t tm~2  r#  • 10  g cu~2  r$  - 25  » cu~2  t$  - SO  ( cm'2  r#  • 100  • cm~2 


Without  With  Without  With  Without  With  Without  With  Without  With 


Blaseat 

At  t< 

snuatlon 

At teouat 

ion 

At  t< 

snuatlon 

Attenuation 

Attenuation 

Attenuation 

Attenuation 

Attenuation 

Attenuation 

Attl 

inuation 

■ 

1.S0 

IO*7 

(.126) 

1.20 

io-7 

(.280) 

1.45 

10-’ 

(.140) 

1.08 

10-7 

(.3*4) 

1.38 

10-7 

(.162) 

8.78 

X 

IO*8 

(.459) 

1.27 

10-7 

(.190) 

6.29 

10- • 

(.627) 

1.12 

IO”7 

(.233) 

3.29 

IO*8 

(.839) 

He 

1.04 

IO*7 

(.088) 

5.34 

10“8 

(.124) 

9.62 

IO*8 

(.093) 

4.06 

10“8 

<•130) 

8.58 

IO*8 

(.101) 

2.48 

X 

IO”8 

(.130) 

7.44 

IO*8 

(.111) 

1.15 

IO*8 

(.114) 

6.07 

10“8 

(.126) 

2.66 

IO”8 

(.068) 

U-B 

1.53 

IO”8 

(.013) 

7.28 

IO”8 

(.017) 

1.35 

IO*8 

(.013) 

5.29 

10*  8 

(.017) 

1.13 

10“8 

(.013) 

3.05 

X 

IO*8 

(.016) 

9.01 

IO”8 

(.013) 

1.31 

IO”8 

(.013) 

6.62 

IO”8 

(.014) 

2.79 

IO*10 

(.007) 

C 

3.77 

10”8 

(.049) 

2.50 

10~8 

(.058) 

5.00 

IO*8 

(.048) 

1.75 

IO”8 

(.056) 

4.08 

IO"8 

(.048) 

9.57 

X 

IO”8 

(.050) 

3.18 

IO*8 

(.047) 

3.81 

10“8 

(.038) 

2.26 

IO”8 

(.047) 

7.12 

IO”10 

(.018) 

N 

4.15 

IO”8 

(.035) 

1.70 

IO”8 

(.040) 

3.59 

IO*8 

(.035) 

1.17 

io*8 

(.040) 

2.90 

IO*8 

(.034) 

6.25 

X 

IO”8 

(.033) 

2.24 

10*  8 

(.034) 

2.40 

IO”8 

(.024) 

1.58 

IO*8 

(.033) 

4.17 

IO”10 

(.011) 

0 

8.27 

IO”8 

(.070) 

3.20 

IO"8 

(.074) 

7.12 

IO"8 

(.069) 

2.19 

IO'8 

(.070) 

5.73 

IO*8 

(.067) 

1.14 

X 

IO*8 

(.059) 

4.41 

10*  8 

(.066) 

4.23 

IO”8 

(.042) 

3.08 

IO”8 

(.064) 

6.88 

IO"10 

(.019) 

r 

1.72 

IO*8 

(.014) 

6.20 

IO”8 

(.014) 

1.48 

IO*8 

(.014) 

4.18 

IO”8 

(.013) 

1.19 

IO*8 

(.014) 

2.12 

X 

IO*8 

(.011) 

9.15 

IO”8 

(.014) 

7.54 

10*,# 

(.008) 

6.37 

10”  8 

(.013) 

1.13 

10-1® 

(.003) 

He 

4.60 

10*8 

(.039) 

1.62 

IO”8 

(.038) 

3.92 

IO*8 

(.038) 

1.08 

IO"8 

(.034) 

3.13 

IO*8 

(.037) 

5.36 

X 

10*8 

(.028) 

2.38 

IO”8 

(.036) 

1.87 

IO"8 

(.019) 

1.63 

IO”8 

(.034) 

2.66 

io-i° 

(.007) 

He 

2.70 

IO”8 

(.023) 

8.83 

IO”8 

(.021) 

2.30 

IO”8 

(.022) 

5.80 

IO*8 

(.019) 

1.83 

IO'8 

(.022) 

2.83 

X 

IO*8 

(.0X5) 

1.39 

IO”8 

(.021) 

9.50 

10-‘» 

(.009) 

9.48 

IO*8 

(.020) 

1.26 

10-1® 

(.003) 

* 

6.37 

IO*8 

(.054) 

2.04 

IO”8 

(.048) 

5.41 

IO*8 

(.052) 

1.33 

io'8 

(.042) 

4.29 

IO*8 

(.050) 

6.41 

X 

10“8 

(.033) 

3.24 

IO”8 

(.048) 

2.11 

10*  8 

(.021) 

2.18 

IO”8 

(.045) 

2.71 

10-1® 

(.007) 

A1 

1.56 

10*8 

<•013) 

4.66 

IO”8 

(.011) 

1.32 

IO*8 

(.013) 

3.01 

IO”8 

(.010) 

1.05 

IO*8 

(.012) 

1.42 

X 

IO”8 

(.007) 

7.93 

10-8 

(.012) 

4.54 

IO-10 

(.005) 

5.32 

10“8 

(.011) 

5.44 

10-11 

(.001) 

Bi 

7.12 

IO*8 

(.060) 

2.09 

IO”8 

(.049) 

6.03 

10“8 

(.058) 

1.34 

10“8 

(.039) 

4.77 

10”  8 

(.056) 

6.27 

X 

10“8 

(.033) 

3.57 

IO”8 

(.053) 

1.97 

IO"8 

(.020) 

2.37 

IO”8 

(.050) 

2.28 

10-1® 

(.006) 

P-Sc 

9.12 

IO”8 

(.077) 

2.26 

1C-8 

(.053) 

7.72 

IO'8 

(.075) 

1.41 

10“8 

(.045) 

6.07 

IO”8 

(.071) 

6.23 

X 

IO'8 

(.033) 

4.50 

IO”8 

(.067) 

1.77 

IO"8 

(.018) 

2.92 

IO”8 

(.061) 

1.69 

10-1® 

(.004) 

Ti-Hi 

4.02 

IO"7 

<•338) 

7.44 

IO”8 

(.173) 

3.39 

10-7 

(.328) 

4.42 

IO*8 

(.141) 

2.65 

IO”7 

(.311) 

1.78 

X 

IO”8 

(.093) 

1.93 

IO”7 

(.288) 

4.32 

10“8 

(.043) 

1.18 

IO”7 

(.247) 

2.94 

10-1® 

(.007) 

Contribu- 
tion of  all 
elaBeata  fro* 

Li  to  Hi  9.31 

X 

IO"7 

(.788) 

2.55 

X 

IO*7 

(.594) 

7.91 

X 

io-7 

(.768) 

1.65 

X 

IO'7 

(.525) 

6.27 

X 

IO”7 

(.737) 

7.87 

X 

IO*8 

(.412) 

4.68 

X 

10-7 

(.698) 

2.59 

X 

IO”8 

(.259) 

3.06 

X 

IO”7 

(.639) 

3.62 

X 

IO”8 

(.092) 

Total  doee- 
equi valent 
rate  (re* 

sue*1)  1.18 

M 

IO"8 

4.29 

X 

IO”7 

1.03 

X 

10-7 

3.14 

X 

IO*7 

8.51 

X 

IO'7 

1.91 

X 

10-7 

6.70 

X 

10-7 

1.00 

X 

IO”7 

4.79 

X 

IO”7 

3.91 

X 

IO*8 

TfS  ouub.ro  in  parentheses  are  the  relative  dose-equivalent  rates  and  were  obtained  by  dividing  the  dose- equivalent 
rate  due  to  each  incident  ion  species  by  the  total  dose-equivalent  rate. 
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2 g cwT 


El—  nt 

H 1.54  * IO”7  (.360) 
H«  9.78  » IO"9  (.229) 
Ll-B  9.19  * IO*9  (.022) 
C 2.21  x IO-9  (.052) 
» 1.36  « IO"9  (.032) 
0 2.36  x io*9  (.055) 
r 4.34  X 10"»  (.010) 

N«  1.08  x io-9  (.025) 

M«  3.69  x io*9  (.013) 
Hg  1.26  x io'9  (.029) 
A1  2.81  x io-9  (.007) 
SI  1.21  x io-9  (.028) 
P-Sc  1.26  * io-9  (.029) 
Tl-Ni  4.63  x io'9  (.108) 


1.51  x io"7  (.366) 
9.30  « io'9  (.225) 
8.75  x io*9  (.021) 
2.10  « io*9  (.051) 
1.29  * IO*9  (.031) 

2.23  x io-9  (.054) 
4.08  x 10~9  (.010) 
1.01  x io-9  (.024) 
5.33  x io"9  (.013) 
1.18  x io-9  (.026) 
7.62  x io'°  (.018) 
1.13  - 10-9  (.028) 
1.17  x io-9  (.028) 

4.24  x io'9  (.103) 


Contribu- 
tion of  all 
elements  from 
LI  to  N1  1.74 


Absorbed-Dose  Rate  (rad  sec"*)  and  Relative  Absorbed-Dose  Rate  Due  To  Incident  Ion  Species* 


10  g cm 


1.53  « 10'7  (.409) 
9.20  x 10~9  (.246) 
8.17  x io-9  (.022) 
1.81  x io-9  (.048) 

1.09  x io"9  (.029) 
1.85  x io*9  (.049) 
3.35  IO*9  (.009) 

8.10  « IO-9  (.022) 
4.23  x io-?  (.011) 
9.13  x io-9  (.024) 
2.03  « IO"9  (.005) 
8.58  x io-9  (.023) 

8.54  x io*9  (.023) 
2.99  x io-9  (.080) 


1.38  x io*7  (.457) 
7.16  x io'9  (.236) 

6.39  x io*9  (.021) 

1.39  x io-9  (.046) 
8.24  x io-9  (.027) 
1.38  x 10~9  (.046) 
2.47  x io-9  (.008) 
5.93  x io-9  (.020) 

3.06  x io"9  (.010) 
6.56  x io-9  (.022) 
1.44  x io"9  (.005) 

6.06  x io-9  (.020) 
5.83  * io"9  (.019) 
1.92  x io~*  (.064) 


25  g 


1.44  x io"7  (.450)  1.12  x io-7  (.567) 
8.14  x io'9  (.253)  4.34  x io'9  (.219) 


6.82  x io'9  (.021) 

1.42  x io'9  (.044) 

8.43  x io-9  (.026) 
1.41  x io'9  (.044) 
2.54  x io-9  (.008) 
6.02  x io*9  (.019) 

3.13  « io'9  (.010) 
6.64  x io-9  (.021) 
1.47  x io*9  (.005) 

6.12  x io'9  (.019) 

5.92  x io~9  (.018) 
1.99  x io"9  (.062) 


» 10 


i-7 


Total  ab- 
aorbed-doae 
rate  (rad 

aac*1)  4.26  * 10“7 


(.408)  1.69  « io-7  (.409)  1.30  « IO'7  (.347)  9.29  x IO'9  (.307)  9.53  x IQ'9  (.297)  4.23  * IO"9 


4.13  x 10“ 


3.74  x io*7 


3.02  x io"7 


3.21  x io~7 


obt,lned  by  dlvlding  the 


1.98  x 10" 7 


50  g 


3.68  x io-9  (.019) 
7.32  x JO'9  (.037) 
4.19  x io-9  (.021) 
6.82  x io"9  (.034) 
1.18  x io*9  (.006) 
2.76  x io~9  (.014) 
1.38  x io*9  (.007) 
2.90  x io-9  (.015) 

6.21  x 10_>®  (.003) 

2.56  x io~9  (.013) 
2.27  x io-9  (.Oil) 
6.65  « IO*9  (.034) 


1.33  * 10"7  (.486)  8 
7.00  x io'9  (.256)  1 
5.61  x io-9  (.021)  1 

1.11  * 10'9  (.041)  2 

6.46  x io"9  (.024)  1 
1.07  x io-9  (.039)  2 
1.90  x io*9  (.007)  4, 

4.46  « IO’5  (.016)  9, 
2.30  x 10" 9 ( .0081  4, 
4.82  x io-9  (.018)  9. 
1.06  x io-9  (.004)  1. 
4.37  x io*9  (.016)  7. 

4.11  x io"9  (.011)  6 
1.33  x io"9  (.049)  1 


(.701) 

(.176) 

(.014) 

(.026) 

(.014) 

(.022) 


00  x io"9 
,99  * IO"9 
63  x io-9 
.92  * IO"9 

.60  x 10* 9 

.49  x io-9 
.12  * IO"10  (.004) 
.36  x 10'1°  (.008) 
.50  * io"l®  (.004) 
.22  * lo-l®  (.008) 
,90  x lo'l®  (.002) 
,65  x io"*®  (.007) 
,04  x 10-1®  (.005) 
48  x io*9  (.013) 


r«,  • 100  g cm” 


Without 

Attenuation 


With 

Attenuation 


4.35  x io"9  (.020) 

8.06  x 10“ 9 (.037) 

4.61  x io"9  (.021) 
7.50  x io*9  (.034) 


1.15  « io-7  (.525)  4.15  * IO'9  (.859) 

5.70  * io*9  (.259)  4.59  » io"9  (.095) 

3.67  x io'*®  (.007) 

5.56  x 10-1®  (.011) 

2.81  x lo'l®  (>006) 

4.08  x 10" 1®  (.008) 
1.33  x io*9  (.006)  6.17  > IO'*'  (.001) 

3.04  x io"9  (.014)  1.34  x io"10  (.003) 

1.56  x io*9  (.007)  5.96  « 10" **  (.001) 

3.20  x io~9  (.015)  1.17  x 10-1®  (.002) 

6.99  « 10* 10  (.003)  2.23  x lo'H  (.0005) 

8.66  x lO'H  (.002) 

5.51  x 10-H  (.001) 

9.57  x io‘ll  (.002) 


2.82  x io"9  (.013) 
2.55  x io’9  (.012) 
7.76  x io-9  (.035) 


(.214)  7.02  « IO-9  (.257)  1.44  x io’9  (.126)  4.75  x io"9  (.217)  2.24  x i0*9  (.04n) 


2.73  x io-7 


1.14  x io'7 


2.19  x IO*7 


4.83  « IO*9 
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TABLE  A4.4 


COWTtlllTlON  Of  INDIVIDUAL  GALACTIC  COSHIC-MY  20*  SPECIES  TO  TOTAl  DOS* -EQUIVALENT  RATI 


Shield  • A1  1 nua 

fj  • 0 | ca"7 


Dose- Equivalent  Race  (r«a  aar"1)  end  Relative  Dose- Equivalent  Hate  Due  To  Incident  Ln  Species* 

's  • j « «*'* rs  * 1°  « m~* ^ f&  ■ %0  , rs-100,c-* 


Elaaent 

Without 

Attenuation 

With 

Attenuation 

Without 

Attenuation 

With 
At  t roust 

Lon 

Without 
At  teuuat Ion 

With 

At  ten«i4t  i«  n 

W1 thout 
At  t eitual  Ion 

With 

At  tcnjAt ion 

With*  »c 
At  t .in.. t 

t 

[ Qg| 

With 

a 

1,57 

IO"7 

(.070) 

1.53 

10“  7 

{ .073) 

1.56 

iO’7 

(.101) 

1.42 

■ 

10"7 

(.126) 

1.49 

10*  7 

(.133) 

1.15 

10"  7 

(.223) 

1.14 

10"  7 

(.159' 

8.22 

■ 

I0"f 

(.403) 

1.18 

10"' 

(.218) 

4.25 

w 

IO"8 

(.717) 

He 

1.25 

10"7 

(.05*) 

1.19 

10“? 

(.057) 

1.18 

10“7 

(.075) 

9.21 

IO"8 

(.0*^) 

1.07 

10*  7 

(.091) 

5.41 

10"8 

;.!05) 

8.40 

IO"8 

(.104) 

2.39 

IO"8 

(.117) 

6.58 

10"  8 

(.121) 

5.30 

10"  8 

(.089) 

Ll-B 

2.37 

IO"8 

(.011) 

7.26 

10“8 

(.011) 

2.02 

IO"8 

(.013) 

1.58 

10“8 

(.014) 

1.49 

10"8 

(.013) 

8.o8 

IO"8 

(.016) 

1.10 

10"# 

(.014) 

3.21 

10’ 8 

(.016) 

7.5b 

10"  8 

(.014) 

6.39 

10"*° 

(.011) 

C 

1.05 

IO"7 

(.0*7) 

9.97 

10“8 

(.048) 

7.82 

IO"8 

(.050) 

5.99 

10“8 

(.053) 

5.50 

1C“8 

(.049) 

2.82 

10“8 

(.055) 

1.90 

10"8 

(.048) 

1.03 

IO*8 

(.950) 

2.58 

10"  8 

(.048) 

1.78 

10*  8 

(.030) 

M 

7.84 

10"8 

(.035) 

7.62 

10“8 

(.035) 

5.68 

10‘8 

(.036) 

4.30 

10“8 

(.038) 

3.94 

to"8 

(.035) 

1.96 

IO"8 

(.038) 

2.76 

IO"8 

(.034) 

6.83 

IO"8 

(.034) 

1.81 

IO’8 

(.033) 

1.10 

IO"8 

(.019) 

0 

1.61 

10*7 

(.072) 

1.52 

10“7 

(.073) 

1.13 

10"7 

(.072) 

8.47 

10*8 

(.075) 

7.81 

10"8 

(.070) 

3.78 

10"f 

(.073) 

5.43 

IO*8 

(.06/| 

1.27 

IO"8 

(.062) 

3.  >2 

K 8 

(.065) 

1.92 

10"8 

(.032) 

r 

3.60 

10"8 

(.0)5) 

3.20 

10"  8 

(.015) 

2.37 

IO"8 

(.015) 

1.74 

10“8 

(.015) 

1.62 

10"f 

(.015) 

7.54 

IO"8 

(.015) 

1.12 

10"8 

(.014) 

2.43 

IO"8 

(.012) 

7.28 

10"  8 

(.013) 

3.38 

10" 18 

(.006) 

Me 

9.53 

10"8 

(.0*2) 

8.96 

10“8 

(.043) 

6.40 

IO"8 

(.0*1) 

4.66 

IO’8 

(.042) 

4.31 

10"8 

(.019) 

1.98 

!G”8 

(.038) 

2.94 

IO"8 

(.017) 

6.19 

to*8 

(.030) 

1.87 

10"* 

(.035) 

8.26 

10"  1 8 

(.014) 

Na 

5.61 

IO"8 

(.025) 

5.25 

1C"8 

(.025) 

3.74 

10"8 

(.024) 

2.7C 

IO"8 

(.024) 

2.52 

10‘8 

(.023) 

1.12 

10*8 

(.022) 

1.72 

10"8 

(.021) 

3.37 

IO’8 

(.017) 

1.09 

IO*8 

(.020) 

4.16 

10" » 8 

(.00^) 

Hi 

1.36 

IO"7 

(.0*1) 

1.27 

10“7 

(.061) 

8.90 

10"8 

(.057) 

6.39 

IO"8 

(.057) 

5.9? 

10"8 

(.053) 

2.59 

IO*8 

(.050) 

4.02 

IO"8 

(.050) 

7.e8 

to"8 

(.038) 

2.51 

IO"8 

(.046) 

9.17 

10" 10 

(.015) 

AI 

3.32 

IO"8 

(.015) 

3.10 

10"8 

(.015) 

2.17 

10"8 

(.014) 

1.54 

IO"8 

(.014) 

1.45 

10"8 

(.013) 

6.14 

10  8 

(.012) 

9.84 

10"8 

(.012) 

1.76 

to"8 

(.<K)9) 

6. 14 

10*  * 

(.011) 

1.96 

10- 18 

(.003) 

Si 

1.56 

IO"7 

(.009) 

1.64 

10“7 

(.069) 

9.95 

10“8 

(.063) 

7.03 

10“8 

(.062) 

8.60 

10*8 

(.059) 

2.76 

10“  8 

(.053) 

4.45 

10"B 

(.055) 

7.80 

V 

to"8 

(.038) 

2.74 

10"  8 

(.051) 

8.42 

10"  1° 

(.014) 

P-Sc 

1.99 

IO"7 

(.089) 

1.85 

io~7 

(.088) 

1.27 

IO"7 

(.081) 

8.69 

10"e 

(.077) 

6 42 

10“8 

(.075) 

3.21 

IO"8 

(.063) 

5.64 

to"8 

(.070) 

8.30 

10"  8 

(.041) 

3.42 

10"8 

(.063) 

7.37 

10" 18 

(.012) 

Ti-Ml 

8.66 

IO"7 

(.79*) 

8.12 

10"7 

(.388) 

5.62 

10“  7 

(.358) 

3.62 

10“7 

(.321) 

3.70 

IO"7 

(.331) 

1.23 

10" 9 

(.239) 

7.44 

IO"7 

(.303) 

2.71 

10"8 

(.ill) 

1.41 

10"  7 

(.261) 

1.74 

1C"8 

(.029) 

Con t rib j- 

tlon  of  all 

elaaent s tram 

LI  to  N1 

1.96 

X 

10"€ 

(.875) 

1.82 

X 

10"* 

(.871) 

1.29 

X 

10"€ 

(.622) 

8.93 

X 

10“7 

(.790) 

8 . 66 

• 

10"  7 

(.773) 

3.67 

m 

10"7 

(.672) 

5.64 

■ 

10"  7 

(.726) 

9.77 

• 

IO"8 

(.479) 

3.57 

* 

IO"7 

(.660) 

1.14 

V 

IO"8 

(.192) 

Total  dose- 

equivalent 

rate  (tea 

MC-1) 

2.26 

X 

IO"8 

2.09 

X 

IO"8 

1.57 

X 

IO"8 

1.13 

X 

IO"8 

1.12 

■ 

10"8 

5.16 

m 

IO"7 

8.04 

m 

IO"7 

2. On 

■ 

IO"7 

5.41 

m 

10"? 

5.92 

lr8 

•The  nuabers  la  parentheses  are  the  relative  dose-equivalent  rates  und  were  obtained  bv  dividing  the  dose-equivalent 
r*t*  due  to  each  incident  ion  species  by  the  total  dose-eqtu valent  rate. 
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decrease  of  the  absorbed-dose  rates  and  dose-equivalent  rates  due  to  un- 
attenuated primary  particles  as  the  shield  thickness  increases.  Because  of 
the  higher  energies  considered  here,  additional  shielding  is  not  very  effec- 
tive in  decreasing  the  dose  rates  due  to  unattenuated  primary  particles. 

When  nuclear  attenuation  is  included  in  the  calculations,  the  dose  rates  de- 
crease significantly  with  increasing  shield  thickness,  but,  in  considering 
this,  it  must  be  remembered  that  nuclear  attenuation  implies  the  production 
of  reaction  products,  and  no  estimate  of  the  dose  rates  from  these  reaction 
products,  except  in  the  case  of  incident  protons,  is  available.  In  Chapter  7 
it  was  shown  that  in  the  case  of  incident  galactic  cosmic-ray  protons  an 
underestimate  of  the  absorbed-dose  rate  and  dose-equivalent  rate  was  ob- 
tained by  using  the  unattenuated  primary-proton  flux  to  obtain  dose-rate 
estimates.  The  solid  curves,  labeled  "TOTAL,"  at  the  top  of  each  figure 
give  perhaps  the  best  estimates  of  the  dose  rates  from  galactic  cosmic  rays 
that  can  presently  je  obtained,  but  the  values  shown  must  be  considered  to 
be  very  approximate  and  may  underestimate  the  actual  dose  rates  by  a con- 
siderable amount.  It  should  be  noted  that  the  unattenuated  primary-proton 
dose  rates  were  used  in  obtaining  the  total  dose  rates  shown  in  Figs.  A4.1 
to  A4.4,  and  therefore,  because  of  the  data  given  in  Chapter  7,  these  total 
dose  rates  are  known  to  include  an  underestimate  of  the  proton  contribution. 
To  obtain  the  doses  that  would  be  received  on  an  extended  mission  outside  of 
the  earth’s  magnetosphere,  the  values  given  in  the  figures  must  be  multiplied 
by  the  mission  duration  in  seconds.  It  can  readily  be  seen  that  a serious 
radiation  hazard  exists  if  very  long  missions  are  considered. 

The  relative  contribution  of  each  incident-particle  species  to  the  total 
absorbed-dose  rate  and  dose-equivalent  rate  for  several  shield  thicknesses 
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is  also  shown  in  Tables  A4.1  to  A4.4.  With  attenuation  neglected,  the  rela- 
tive contribution  to  the  absorbed-dose  rate  from  the  sum  of  the  heavy  nuclei, 
i.e.,  nuclei  with  A > 4,  is  roughly  comparable  to  the  absorbed-dose  rate 
from  protons  and  alpha  particles,  and  this  relative  contribution  of  the  heavy 
nuclei  changes  only  slowly  with  shield  thickness.  With  attenuation  included, 
the  relative  contribution  to  the  absorbed-dose  rate  from  the  sum  of  the  heavy 
nuclei  is  comparable  to  that  from  protons  and  alpha  particles  for  thin  shields, 
but  the  relative  contributions  from  alpha  particles  and  the  heavier  nuclei 
decrease  significantly  with  increasing  shield  thickness.  With  attenuation 
neglected,  the  relative  contribution  of  the  sum  of  the  heavy  nuclei  to  the 
dose-equivalent  rate  is  somewhat  larger  than  the  contribution  of  either  the 
protons  or  the  alpha  particles,  and  the  relative  contribution  of  the  sum  of 
the  heavy  nuclei  to  the  dose-equivalent  rate  changes  only  slowly  with  shield 
thickness.  It  should  be  noted  that  the  nuclei  in  the  Ti-Ni  group  contribute 
very  appreciably  to  the  dose-equivalent  rate.  With  attenuation  neglected, 
the  relative  contribution  to  the  dose-equivalent  rate  from  the  sum  of  the 
heavy  nuclei  is  important  for  thin  shields,  but  the  relative  contribution 
of  the  alpha  particles  and  heavier  nuclei  to  the  dose— equivalent  rate  de- 
creases significantly  as  shield  thickness  increases. 

The  results  presented  in  this  appendix  indicate  that  for  extended  space 
missions  outside  of  the  earth's  magnetosphere  the  galactic  cosmic  rays  pre- 
sent a significant  radiation  hazard,  and  an  appreciable  part  of  this  hazard 
is  due  to  the  alpha  particle  and  heavier  nuclei  components  of  galactic  cosmic 
rays.  Because  of  the  very  approximate  nature  of  the  calculations,  the  esti- 
mates of  the  dose  rates  from  the  alpha  particles  and  heavier  nuclei  are  not 
definitive,  but  until  more  reliable  data  become  available,  it  seems  clear 
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that  the  radiation  hazard  from  these  particles  cannot  be  neglected  if  long 
missions  outside  of  the  earth's  magnetosphere  are  considered.* 


*Some  Information  on  the  dose  rates  to  be  expected  from  galactic  cosmic 
rays  on  space  missions  within  the  earth's  magnetosphere  will  be  found  in 
Ref.  119. 
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